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Two experiments evaluated the effects of sorting and feeding Zilpaterol 
hydrochloride (ZH) to steers on feedlot performance and carcass characteristics.  In Exp. 
1, treatments compared unsorted cattle either fed ZH or not, and three treatments utilizing 
1 sort at the beginning, middle or end of the finishing period.  In Exp. 2, treatments 
compared unsorted cattle fed ZH, and two treatments that utilized 1 sort based on initial 
BW or 4 sorts at the end of the finishing period.  Feeding ZH increased BW, HCW and 
percentage of overweight carcasses; however, sorting decreased carcass weight standard 
deviations, and percent overweight carcasses.  Feeding ZH increased carcass weight, but 
sorting reduced variation allowing increased carcass weight while minimizing overweight 
carcasses. 
Three experiments evaluated the effect of different aggressive implant strategies 
on feedlot performance and carcass traits of crossbred heifers and steers.  In Exp. 3, 
heifers were implanted with Revalor-IH, Revalor-H, or Revalor-200 and all reimplanted 
with Revalor-200.  In Exp. 4, steer treatments were Revalor-IS reimplanted with Revalor-
200 and Revalor-XS initially and reimplanted with either Revalor-IS, Revalor-S, or 
 
 
Revalor-200.  In Exp. 5, steers were implanted with either Revalor-IS, Revalor-200, or 
Revalor-XS and reimplanted with Revalor 200.  Final BW, ADG, and G:F were not 
different between implant strategies in Exp. 3, 4, & 5.  Dressing percent, HCW, 12
th
 rib 
fat, and yield grade did not differ between strategies in Exp. 3 & 4.  Revalor-XS had 
greater LM area, decreased 12
th
 rib fat, and yield grade compared to other implants in 
Exp. 5.  Percent Choice was decreased and percent Select was increased with increased 
implant dosage in Exp. 3 & 5, with no differences in quality in Exp. 4.  Aggressive 
implant strategies may not be beneficial during the feeding phase in steers and heifers.  
These aggressive implant strategies could negatively impact carcass quality in heifer and 
steer calves compared to utilizing a traditional low dose implant followed by a high dose 
terminal implant. 
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Introduction 
One of the major factors involved with overall profitability of cattle feeding 
operations are costs associated with weight gain.  The beef cattle industry is always 
evolving, and the industry is developing and adapting new technologies to help reduce 
expenses in order to become more efficient and profitable.  
Visual sorting has been used since the beginning of animal husbandry to evaluate 
animals for finish and readiness for harvest (Daley et al., 1983).  With the use of scales, 
cattle can be sorted to make a more uniform group of cattle.  Weighing can be done at 
any point in the finishing period from entry into the feedlot up to just prior to shipment 
for harvest (Rolfe, 2011).  Sorting is used to make cattle into more uniform groups 
allowing for more equal distribution of hot carcass weight.  If cattle are marketed too 
soon, profit is not maximized, whereas if cattle are fed too long, cattle may receive 
discounts.  While sorting has become common at the beginning of the feeding period, less 
research are reported at the end of the finishing period.  
Exogenous compounds that can be administered to convert energy consumed more 
efficiently into body mass have been studied, produced, and used since the 1960s.  
Currently there are two major growth promoting agents that are approved for use in the 
cattle feeding industry; β-adrenergic agonists and hormonal implants.  Hormonal 
implants improve growth rate, feed efficiency, and carcass weight.  Implants can vary in 
both the type and amount of active ingredient.  Currently, 33 implants are approved for 
use in beef cattle, which feedlots can adopt in their implant program allowing them to 
have an implant program that fits their marketing goals as well as gives them the highest 
return on investment (Nichols, 2009; Duckett and Pratt, 2014).  Β-agonists are potent 
growth promoters that dramatically increase skeletal muscle mass and reduce body fat 
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content.  Feeding a β-agonist for the last 20-40 days prior to slaughter resulted in 
increased ADG, improved G:F, increased carcass weight, and increased carcass leanness 
(Elam et al., 2009).  Increases in efficiency allow for a greater utilization of inputs 
allowing for an increase in total pounds of saleable beef.  These technologies make the 
entire beef supply chain more efficient. 
  Therefore, the objectives of this study were: To evaluate the effects on feedlot 
performance and carcass characteristics of sorting at different times in the feeding period 
and feeding a β-agonist to the remaining steers after the heaviest steers were removed or 
sorting into multiple groups and feeding a β-agonist to all steers (Exp. 1, 2), and to 
evaluate the effects of aggressive implant strategies on feedlot performance and carcass 
traits of steers and heifers in a commercial feedlot (Exp. 3, 4, 5).   
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CHAPTER I. Review of the Literature 
Predicting Carcass Composition 
 
 Prediction of carcass composition and the primal and sub-primal cuts that will be 
produced from the carcass are very important components of the beef industry today.  
There is a need for feedlots to be able to predict when and how to market their cattle and 
at the same time allow packers buying finished cattle a method to predict how those cattle 
will meet consumers’ demands.  Accurate prediction will involve the careful selection of 
the proper kind of cattle (breed, age, etc.) to fit specific feeding systems for the most 
economical production of cattle to fit different market specifications (Thompson and 
Ablin, 1990).   
Carcass composition as described by Berg and Butterfield (1968) is the makeup of 
the proportion of protein, lipid, and bone which are heavily influenced by age, BW, 
breed, and nutrition.  With an understanding of how these influences affect the cattle, one 
can begin to develop tools for predicting how cattle will grow, develop, change over 
time, and at what point cattle will reach a desirable market end point.  The USDA yield 
grade equation is a tool developed to predict the percentage of boneless closely trimmed 
retail cuts (BCTRC) (Abraham et al., 1968).  The equation is made up of four variables: 
hot carcass weight (HCW), external fat thickness opposite the Longissimus muscle (12
th
 
rib fat), the percentage of kidney, pelvic, and heart fat (% KPH), and the area of the 
Longissimus muscle split at the 12
th
 and 13
th
 rib (LMA).  While this equation is very 
useful in determining the percent of BCTRC it is only after the cattle are harvested that 
all of these measures can be correctly assessed.  Within the yield grade equation, the two 
variables that have the biggest impact on yield are HCW and 12
th
 rib fat.  Since these 
variables have the biggest impact on yield, they also have the biggest impact on 
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profitability, thus it is important for producers to know the characteristics of the cattle 
before they sell them by evaluating the live animal (MacDonald, 2002).           
Serial Harvest 
 
 The understanding of carcass composition comes from many studies that have 
been conducted by using serial harvest trials.  Serial harvest is not a new concept in 
animal science, and it has allowed researchers to understand how cattle grow, develop, 
and change over time.  Haecker (1915) was one of the first to evaluate cattle growth and 
changes in composition from birth to harvest, and by studying gain at different points in 
the animal’s life one could predict how to meet the animal’s nutritional needs and reach a 
terminal market endpoint.  Haecker (1915) fed two hundred and six steers from 1 wk of 
age to 25 mo of age, harvesting five representative steers at each 45.45 kg of live BW 
gain, starting at 45.45 kg up to 544 kg.  This trial showed that steers are uniform in their 
growth pattern and there is little variation in the percent of red meat yield within cattle 
that are of the same breed and age.  Additionally, Haecker (1915) showed that cattle have 
a high impetus for lean growth up to 318 kg and adding additional BW after 318 kg leads 
to a greater accumulation fat.  This study was conducted with only British breeds which 
mature and fatten more rapidly compared to Continental breeds.  With the introduction of 
Exotic (Continental) breeds, the growth period was extended as those animals reach a 
larger mature size and heavier final BW (Koch et al., 1976).  Berg and Butterfield (1968) 
used Hereford steers and used serial harvest, to evaluate and explain growth and 
composition.  Four calves were harvested at birth and four steers every six months to 
approximately 2 years of age.  When comparing carcass composition at these different 
time points they were able to track changes in the percent protein, fat, and bone as the 
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animal ages.  Serial harvest studies like these helped developed nutritional requirements 
for energy of maintenance and gain in beef cattle, and with that models were built to 
determine carcass composition change over the feeding period (NRC, 1996). 
Additional serial harvest trials have been conducted evaluating cattle changes 
with more of the emphasis being placed on cattle changes over the feeding period and 
less on the animal performance at a specific time in the feedlot with cattle harvested 
beginning on d 1 of the feeding period (Zinn et al., 1970; Dolezal et al., 1982; May et al., 
1992).  Bruns et al. (2004) utilized serial harvest to evaluate carcass composition change 
over the entire course of the feeding period.  Cattle were allotted into five slaughter 
groups to target final HCW of 204, 250, 295, 340, and 386 kg.  The authors reported that 
as DOF increased, there was a linear increase in final live BW, HCW, dressing percent 
(DP), LMA, marbling score, and yield grade.  Additionally, with increased DOF there 
was a linear decrease in ADG.  Interestingly, Zinn et al. (1970) showed increasing ADG 
up to 120 DOF but not significantly different after 120 d, May et al. (1992) showed no 
differences in ADG with additional DOF.    
Others have presented performance data from feedlot studies, which concentrated 
the harvest points at the end of the feeding period around the time of marketing after at 
least 100 DOF (Hicks et al., 1987; Van Koevering et al., 1995; and; Streeter et al., 2012).  
Vasconcelos et al., (2008) used four slaughter dates to simulate under-finished (137 d), 
approximate ideal degree of finish (157 and 177 d), and over-finished (198 d) with all 
slaughter groups having the same projected number of days to reach USDA Choice.  In 
this study the authors showed linear increases in final BW, HCW, DP, marbling score, 
12
th
 rib fat, LMA, and yield grade.  There was a quadratic response to ADG and G:F 
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which is similar to Van Koevering et al. (1995).  With increased interest in knowing 
carcass compositional changes in cattle during the feeding period, serial harvest can 
provide important information that can be used to help understand how feedlot animals 
will perform in the feedlot and on the rail.     
Value of Additional Days on Feed  
 
 Using models, feedlot personnel can project an expected harvest date and once 
harvest date is established feedlot personnel can determine marketing options that will 
best suit the cattle.  Knowing when to market cattle for slaughter is critical to the feedlot 
industry.  Marketing too soon or too late can reduce economic returns (Hicks et al., 1987; 
Feuz, 2002).  The marketing method of cattle: live BW basis, HCW basis, or individual 
carcass value grid basis, can have an impact on when the feedlot should sell their cattle.  
Hicks et al. (1987) used serial harvest to look at varying the length of the finishing period 
on live and HCW gain and economics.  The authors demonstrated that with an increase in 
DOF, live BW and HCW increased.  However, a linear decrease in live and carcass ADG 
were observed.  Additionally, there was a linear increase in all carcass parameters 
including DP, 12
th
 rib fat, USDA marbling scores, and yield grade with additional time 
on feed.  The economic analysis of this study indicated that return increased with time 
due to additional HCW sold and increased carcass quality, the author did mention though 
that the animals had a decrease in live performance and if marketed in a different 
scenario the cattle fed at the last harvest day would become less economically favorable 
due to increased feed costs and the potential for outlier carcasses. 
Feuz (2002) suggested that cattle marketed on a HCW basis should be fed longer 
when compared to cattle sold on a live BW basis.  To expound on that concept further, 
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MacDonald et al. (2007) compiled three years of data and reported changes through 
regression for BW and HCW gain through the feeding period.  The author reported that 
as shrunk BW gain decreased with increasing days on feed, HCW gain remained constant 
with a slope that was not different from zero.  This validates the assumption of feeding 
cattle marketed on a HCW basis longer to increase total pounds sold.  In a review of 
serial harvest trials, Streeter et al. (2012) pooled eight serial harvest trials to simulate 
marketing either on a live BW or HCW basis at 153, 174, or 195 DOF.  The authors had 
similar results as previous studies, with linear increases in final live BW, HCW, DP, 
USDA quality grade, and yield grade.  In this review, live BW and HCW gain were 
linear; however, live cost of gain exceeded live selling price; whereas, carcass cost of 
gain remained lower than carcass selling price and net returns were greater for cattle sold 
on a HCW basis with additional DOF.  There were interesting results when marketing 
cattle on a grid basis in that as the amount of overweight (454 kg) carcasses increased, 
carcass value decreased with additional DOF, causing overweight carcasses to become 
the factor that determines if additional days can be added to the feeding period.   
Uniformity of the pen by sorting to control variation with regard to HCW, yield 
grade, and quality will greatly impact the decision of additional DOF.  Understanding 
variation in these factors provides opportunity to optimize net returns without increasing 
the percentage of outlier carcasses (Feuz, 2002; Streeter et al., 2012).          
Visual Appraisal  
 
      Historically a livestock evaluator had to visually determine when cattle were 
ready for market.  This takes an experienced eye and an ability to take into consideration 
many variables at once.  Crouse et al. (1974a, 1974b) compared the pre-slaughter live 
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animal predictions of 452 steers collected from six highly trained livestock evaluators to 
the actual carcass measurements after harvest.  In this study high correlations were found 
between the evaluators and actual carcass measurements for yield grade and fat thickness, 
with interclass correlations of 0.69 and 0.70, respectively.  The appraisers were able to 
evaluate the animal, predict live BW, frame size, and fat thickness to determine final 
carcass characteristics.  In this research study there were multiple appraisers and the 
authors noted that as the number of appraisers was increased, the SE of the trait evaluated 
decreased significantly.  
Daley et al. (1983) compared four experienced evaluators to a commercially 
available fat probe to evaluate the accuracy of a subjective visual appraisal to an 
objective fat measurement to estimate 12
th
 rib fat.  In this study the correlation between 
pre-harvest estimates (visual appraisal and fat probe) and the actual 12
th
 rib fat thickness 
were highly significant and ranged from 0.70 to 0.87.  The study also found that the 
trained visual appraiser had more success in estimating carcass characteristics such as 
yield grade and 12
th
 rib fat; this could be due to the evaluators’ ability to account for 
multiple variables at once.  The pre-harvest estimates were made the day before harvest, 
which may account for high accuracy between the estimates and actual data.  This would 
be in agreement with MacDonald et al. (2002) who suggested that BW becomes a more 
precise indicator of final BW when collected closer to market date.    
Lewis et al. (1969) used two highly experienced market livestock evaluators and 
compared them with two inexperienced livestock evaluators in the evaluation of carcass 
characteristics in market animals.  The evaluators were given live BW at the time of 
visual appraisal and the experienced evaluators could account for more than 50% of the 
15 
 
variation in fat thickness, DP, and yield grade, while the less experienced evaluators 
accounted for less than 20% of the variation in the same categories.  While this study 
shows that visual appraisal can assess carcass characteristics in live animals it also shows 
that evaluators need to have a high level of experience to accurately predict carcass 
composition.  
Multiple evaluators were highly correlated with objective measurements; 
however, it may be impractical to have multiple highly trained individuals sorting cattle 
in a commercial operation.  Therefore, the need for accurate and reliable methods of 
predicting carcass traits will be necessary to aid the evaluator.   
Body Measurements 
 
Utilizing body measurements could be one method of improving our 
understanding of carcass composition and assist in predicting terminal endpoint.  In a 
review of sorting, Bruns and Prichard (2003) described how breed, fame, muscle score, 
fat thickness, age, and BW could all be used in combinations or alone to aid in the 
prediction of carcass composition.   
Tatum et al. (1986a) conducted an objective analysis on frame size and muscle 
thickness and showed hip height and frame size were highly correlated (r = 0.96) and that 
height at a given age is positively correlated with mature body size.  Because of this 
relationship, frame size is an effective predictor of growth and development of cattle and 
can ultimately be used as a predictor of final carcass composition.  Tatum et al. (1986b) 
and Dolezal et al. (1993) conducted a research trial on the effects of frame score, muscle 
thickness, and age on growth, carcass development, and composition.  Again in these 
studies researchers showed a positive relationship between feeder cattle frame size and 
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the BW required to reach a desired marketable harvest endpoint.  Furthermore, the 
authors stressed that as cattle of different heights grow and develop, they do so at 
different rates.  Tatum et al. (1986b) showed that large framed steers grew faster 
compared to small framed steers during the finishing period, but when looking at carcass 
composition the smaller framed streers had reached mature size and therefore had 
reached a greater degree of fatness.  This shows that smaller framed cattle do not reach 
the same market endpoint as large framed cattle at equal DOF and that by evaluating 
frame score one could harvest smaller framed cattle earlier in the feeding period and give 
larger framed cattle additional DOF.  Trenkle (2001) looked at the comparison of sorting 
steers by either small or large frame size.  Larger framed steers have heavier final BW 
and HCW, although they did have less 12
th
 rib fat indicating additional DOF could allow 
for a higher degree of finish.  Utilizing hip height to evaluate frame score can help predict 
outcome group and based on these outcome groups, one could better predict carcass 
composition.   
Ultrasound technology has been used to take objective measurements of the 
animal and predict carcass composition (Houghton et al., 1990; Houghton and 
Turlington, 1992; Trenkle, 2001).  Ultrasound could be used in the prediction of red meat 
yield as well as predicting the amount of intramuscular fat or marbling the animal 
possesses.  Houghton and Turlington (1992) evaluated cattle and sorted based on back fat 
thickness into 3 groups; thin, average, or thick.  The cattle were then harvested when a 
random 15% sample of the pen reached 1.0 cm back fat or weighed 591 kg.  When the 
cattle were sorted this way, steers that had a thicker initial back fat required less DOF to 
reach a market endpoint and could be harvested earlier and allowed the steers with less 
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back fat additional days on feed.  It has been reported that initial ultrasound back fat 
depth is related to carcass 12
th
 rib fat (Bruns and Pritchard, 2003).  Houghton et al. (1990) 
showed that ultrasonic measurements of initial back fat were more highly correlated to 
final 12
th
 rib fat (r = 0.39) than visual estimations of initial back fat (r = 0.16 to 0.33).  
Using initial back fat measures from ultrasound, it is possible to predict final carcass 
composition and projected endpoint, and could serve as a training tool for inexperienced 
livestock evaluators to better predict a proper harvest endpoint. 
In both subjective and objective methods of predicting carcass composition, there 
is room for improvement.  With visual estimation there are things that can be overlooked 
and highly trained evaluators take years of training and investment before they can 
accurately predict animal BCTRC (Houghton and Turlington, 1992).  Error occurs with 
the use of objective measurements such as hip height to determine frame score and using 
ultrasound to measure fat thickness or determine LMA (MacDonald, 2002).  Hip height 
measurements are hard to evaluate due to a lack of constancy of measurement locations, 
as well as position of the animal at the time of measurement (Rolfe, 2011).  Ultrasound 
requires clipping, application of oil, and multiple measurements.  This requires additional 
time and expenses per animal while also having trained personnel (MacDonald, 2002).  
These are tools that can be used to help predict carcass composition; however, there may 
be simpler more economical means of predicting it.        
Importance of Weight 
 
In looking at the prediction of carcass composition one variable alone has more 
impact than any other, weight (Feuz, 2002).  Hammack and Shrode (1986) concluded that 
BW and age may account for over 60% of the variation in average BW gain over the life 
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of the animal.  The NRC (1996) presented summarized data from British beef breeds 
from birth to maturity, and reported that 95.6 to 98.9 percent of the variation in chemical 
components (protein, fat, and bone) and empty body energy was associated with variation 
in BW in cattle of similar mature size.  Smith et al. (1988) used computer modeling to 
measure the impact of variation of initial BW and initial body condition.  The authors 
used standard deviations of 18, 36, 55, and 73 kg around a mean of 318 kg.  These 
authors observed that as variation of initial BW increases, average net returns decreased, 
and that BW variation within a pen of cattle has the biggest impact on profitability 
because of potential discounts on overweight carcasses.    
 In attempting to develop computer models to predict growth and carcass 
composition, BW accounts for the most variability in growth and performance, 
suggesting that the best indicator of ideal harvest endpoint is live animal BW (Fox and 
Black, 1984; Williams et al., 1992; and Perry and Fox, 1997).  Live BW has also been 
shown to account for animal-to-animal variation in percent retail yield (Greiner et al., 
1997).  Weight can be easily collected, however, accuracy and precision are key to the 
use of BW as a tool for feedlots to predict composition.  Animals are weighed to 
determine price at weaning and harvest and BW or HCW sold is one of the major 
economic drivers for profitability in beef production (Feuz, 2002).   
Cooper et al. (1999) reported correlation coefficients for re-implant BW to HCW 
ranging from 0.46 to 0.86 suggesting that live BW at re-implanting is a reasonably sound 
indicator of HCW.  This would suggest that cattle with heavier live BW 90 d before 
harvest would also have heavier HCW.   
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MacDonald (2002) suggested that BW became a more precise indicator of final 
BW the closer you get to marketing date.  The author presented a correlation coefficients 
that validated this by evaluating BW at three different time points in a long yearling 
production system; the initial BW at winter grazing (r = 0.223), summer grazing (r = 
0.758), and upon entry into the feedlot ( r = 0.834) compared to final live BW.  The 
author also observed that in long fed calf-feeding systems, re-implant BW was the better 
indicator (r = 0.64) of final harvest BW compared to initial BW (r = 0.19).  This would 
indicate that the animal’s BW the last time they were processed prior to slaughter could 
be the most beneficial in decreasing variation in HCW, and avoiding discounts for 
overweight carcasses. 
Review of these data indicate that BW can be the most useful for predicting final 
HCW and the most valuable in predicting terminal market endpoint.  It is the easiest, 
potentially most accurate, and most common measurement taken today and has the most 
real world application for the future of sorting cattle (MacDonald, 2002).  
Sorting Feedlot Steers 
 
 Kock and Algeo (1983) wrote an article on the changes and challenges for the 
future of the beef cattle industry.  The authors predicted that increased attention will be 
focused on pleasing the consumer and that sorting cattle in the feedyards and at slaughter 
into outcome groups targeting BW, yield and quality will be necessary to meet consumer 
demands.  Pyatt et al. (2005) indicated that in the 1995 beef quality audit, 25% of audited 
cattle were fed too long, resulting in >1.5 cm of back fat and overweight carcasses 
whereas 25 % were not fed long enough, resulting in lower quality grades and lighter 
carcasses.  With the most recent beef quality audit, Moore et al. (2012) indicated that 
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33% of audited cattle were fed too long (> 1.5 cm of back fat), and 25% of the cattle were 
not fed long enough, resulting in lighter carcasses and lower quality grades.  Since the 
beginning of the beef quality audit in 1995, size and uniformity have been some of the 
highest priority challenges for the industry (Armbruster et al., 2013).   
Feeder cattle are fed and marketed as heterogeneous groups, resulting in 
considerable variation among carcass characteristics, value and profit (Pyatt et al., 2005).  
Sorting to reduce variation between animals could better allow the feedlot operator to 
increase profits by increasing the value of a group, by selling cattle when they reach their 
market end point.  This in turn serves the consumer by delivering a more consistent 
product to the table.  Cooper et al. (2000) indicated that sorting cattle would increase 
profitability because leaner, more efficient cattle are left in the pen after the market ready 
cattle are sorted off.  These leaner cattle would benefit from additional days on feed.  
Sorting is used to make a more uniform group of cattle, dependent on marketing goal, 
and can be done at any point in the finishing period from entry into the feedlot up to 
shipment for harvest (Rolfe, 2011).  Regardless of marketing system used, BW is the 
main driver affecting price and as BW variation increases, net returns decrease; therefore, 
reducing variation and increasing uniformity should be the main goal of a sorting system 
(Smith et al., 1989).   
Sorting Strategies 
 
 On any given day, some cattle within a pen are becoming more valuable as they 
are fed longer and gain BW, some are losing value as they have passed the point of 
profitability, and the value of the pen is changing in a positive or negative direction 
(Anderson et al., 2001).  Vasconcelos and Galyean (2007) found in a survey of feedlot 
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nutritionists (29 responses) that 41.4% of the nutritionist’s clients sorted cattle into 
outcome groups, and that 61.6% (26 responses) of the sorting systems were primarily 
based on BW.  Feedlots develop sorting strategies with a specific management goal in 
mind, which can vary depending on the market they are trying to target.  When cattle are 
priced on a grid, potential discounts include, but are not limited to overweight and over 
fat carcasses.  Due to the advantages of optimizing days fed and BW sold, sorting may be 
used as a tool to increase total HCW while decreasing HCW variation (Rolfe, 2011).  As 
BW is one of best indicators of final composition, and as BW sold and BW related 
discounts have the greatest economic impact when selling cattle, the strategies below 
focus mainly on BW or some BW combination sorting strategy. 
 Strasia et al. (1988) conducted a sorting experiment and initially sorted cattle 
based on BW into a heavy and light group.  After 45 DOF cattle were sorted into their 
final pens based on individual BW and ADG into good and poor performers and were fed 
for an additional 67 d.  The authors reported that the poor performers had greater 
increases in ADG in both the heavy and light groups for the last 67 d on feed, but could 
not conclude that this was due to sorting due to lack of unsorted control cattle.  The 
authors did note that the good performers in the light and heavy group had heavier final 
live BW and HCW.  The lighter, poorer performing cattle had increased efficiency after 
sorting and could have possibly benefitted from additional DOF.  As mentioned in a 
previous section (Importance of Weight) Cooper et al. (1999) concluded re-implant BW 
explained 21 to 74% of the variability in HCW, and recommended the use of BW alone 
as a tool for sorting to prevent overweight carcasses.  Following that study, Cooper et al. 
(2000) conducted a retrospective analysis of the same commercially fed cattle along with 
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individually fed cattle to evaluate how sorting cattle could be beneficial with fewer or 
more DOF vs cattle marketed all at once.  The authors sorted cattle into four groups 
based on fat, and concluded that leaner cattle within a pen were lighter going onto feed 
and at harvest and that these leaner, lighter cattle were actually more efficient and would 
benefit from additional DOF.  While this study was conducted with the objective of 
looking at fat thickness as a means of sorting, it could easily be done with BW, as BW 
explains more of the variability in HCW (Cooper et al, 1999).   
 MacDonald et al. (2006) used several sorting strategies to determine the effects of 
sorting at different times by BW at: pre-grazing, feedlot entry, or at the end of the feeding 
period.  While sorting at entry into the feedlot and at the end of the feeding period 
numerically increased HCW, the authors were not able to reduce overweight or over fat 
carcasses when several different sorting strategies were employed.  Additionally, sorting 
cattle into 2 groups based on pre-grazing and feedlot entry BW reduced HCW variation.  
Sorting cattle by BW and 12th rib fat thickness at the end of the feeding period was not 
successful in reducing HCW variation.  The authors noted that sorting did not have a 
significant response due to inadequate time on feed during the finishing phase and small 
numbers as there was less opportunity for variability.  These authors suggest sorting 
cattle into 3 BW groups as a more appropriate strategy because it may more closely 
reflect the “normal” BW distribution of cattle. 
 In a follow up experiment Folmer et al. (2008) evaluated effects of sorting (25% 
light, 50% medium and 25% heavy), against a non-sorted control group.  The authors 
found that sorted cattle had 9 kg greater final live BW and 6 kg greater HCW when 
compared to unsorted cattle.  Additionally, the amount of overweight carcasses (432 kg) 
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was reduced by 8 % while final live BW and HCW variability was significantly reduced 
in sorted cattle.  Rolfe (2011) used a similar strategy of sorting into 3 BW groups upon 
entry into the feedlot.  The author reported a 5 kg increase in final live BW and HCW 
when cattle were sorted.  Additionally, while there was not a significant reduction, there 
was a 2.4% numeric reduction in the amount of overweight carcasses (454 kg).   
 With the introduction of β-adrenergic agonists (BAA) used to increase BW and 
HCW, some investigators have evaluated sorting in combination with BAAs.  Griffin et 
al. (2009) evaluated sorting methods in combination with Optaflexx (ractopamine 
hydrochloride; Elanco Animal Health, Greenfield, IN).  The authors used a similar 
strategy of sorting cattle based on feedlot entry BW into 3 BW groups but the cattle were 
sorted into groups of 32% heavy, 44% medium, and 24% light.  There was no interaction 
between sorting and feeding Optaflexx.  Additionally, the authors found no benefit to 
sorting because HCW and overweight carcasses were not reduced, while over fat 
carcasses increased.  However, there was a significant reduction in final live BW and 
HCW variation when sorted.  While feeding Optaflexx and sorting presented no benefits 
in performance and reducing overweight carcasses and discounts in this study, the use of 
other BAAs may have effects on performance and sorting could be a possible way to 
manage those effects. 
 Commercial sorting systems have been developed with the use of modeling for 
practical application in the feedlot industry.  These systems utilize BW in combination 
with a proxy for frame size to identify optimal cattle endpoint based on predicted formula 
outcomes (Armbruster et al., 2013).  Pratt (2013) invented and patented a system for the 
management and sorting of cattle.  While the system is proprietary, Cravey (2001) 
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presented a review of the system.  The author described the system and presented a meta-
analysis of 164,929 cattle managed with electronic cattle management system (ACCU 
TRAC
®
; Micro Beef Tech. Ltd., Amarillo, TX).  Cattle are weighed and measured for 
frame score then assigned to one of six initial pens, and after 75 DOF, or at re-implant; 
cattle are re-measured and resorted into specific market outcome groups.  At harvest all 
carcass data were collected and added to the database (Cravey, 2001).  Unfortunately, 
there are few data available in the literature on how effective and how well these systems 
perform.  With that being said, there is a trend for large feedlots to use and implement 
these systems.  As more and more cattle are fed, feedlots can keep records on previous 
performance that help build these databases and improve the models used in sorting. 
Sorting cattle has the potential to increase the amount of BW and HCW sold and 
decrease the variability.  Cattle should become more uniform by marketing at their 
optimal harvest end point by decreasing days on feed for over fat and over finished 
animals and allowing leaner, under finished cattle additional DOF.  However, there is no 
perfect sorting system.  Sorting strategies will differ between feedlot and cattle 
populations, therefore, sorting should be carefully evaluated and the method of sorting 
chosen based on resources and technologies available to the feedlot in order to find the 
easiest most cost effective way to sort.  Additional research is needed on the optimum 
sort time, optimum number of sorts, sort groups, and the effects of sorting in combination 
with a BAA.   
Beta-Adrenergic Agonists 
 
 Beta-adrenergic agonists are a group of orally active phenethanolamine 
compounds approved for use in food-animal production that act to repartition the use of 
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nutrients consumed by cattle to increase muscle growth and reduce the amount of fat 
gained (Beermann, 2004).  Currently, the FDA has approved two feed additives for use in 
livestock in the U.S.:  ractopamine hydrochloride and zilpaterol hydrochloride.  
Optaflexx (Elanco, Greenfield, IN), is the trade name for ractopamine hydrochloride, and 
was approved in 2003 to be fed at a rate of 8.2 to24.6 g/ton DM, or 70 to 430 
mg/animal/daily DM the last 28 to 42 d before harvest with no withdrawal time (FDA, 
NADA 141-221, 2003).  Zilmax (Merck Animal Health, Summit, NJ) is the trade name 
for zilpaterol hydrochloride and was approved in 2006 to be fed at a rate of 8.33 mg/kg 
DM to provide 60 to 90 mg/animal/daily for the last 20 to 40 d before harvest with a three 
day withdrawal time (FDA NADA 141-258, 2006).  While the general focus of the 
effects of BAA will be on Zilmax, the lack of mechanistic literature solely on Zilmax 
require the use of other BAA like Optaflexx to explain its mechanisms and modes of 
action.   
Mode of Action of Beta-Adrenergic Agonists 
 
Beta agonists are used to redirect energy utilization and extend the normal growth 
curve of an animal.  This extension of the growth curve allows for more muscle growth 
and development and allows lipid cells to metabolize to energy to be used for lean growth 
(Johnson et al. 2013). 
A large proportion of the intensive work on these compounds investigated mode 
of action and effects on animal metabolism and was conducted in the 1980’s and 1990’s.  
These data looked at many different compounds at a wide range of dosages and feeding 
durations that would never be considered today (Ricks et al., 1984).  Some of those 
compounds are relatively unknown and some are still used, such as: cimaterol, 
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clenbuterol, salbutamol, fenoterol, ractopamine, and L 644,969.  The synthetic 
compounds used as feed additives are neither steroids nor peptide growth factors, but the 
chemical equivalent of endogenous catecholamines.  Naturally-occurring catecholamines 
are norepinephrine, a neurotransmitter produced by the nervous system, and epinephrine, 
a circulating hormone produced by the adrenal medulla (Matayompong, 2005; Johnson et 
al. 2013).  
Epinephrine and norepinephrine are used to control specific functions in the body 
such as heart rate, blood flow, and other metabolic and physiological functions (Meyer, 
2001).  However, they do not have a significant impact on growth due to low 
concentrations and the body’s ability to quickly and efficiently dispose of epinephrine 
and norepinephrine by enzymes that release the epinephrine and norepinephrine from the 
β-adrenergic receptor, (BAR; Mersmann, 1998; Beermann, 2004).  The synthetically 
produced BAA are able to affect changes in metabolism by binding to existing BAR, and 
since their concentration in the body is artificially raised by inclusion in the feed, they are 
able to up-regulate metabolic processes to a greater extent than would happen naturally.   
All mammals have BAR in the plasma membrane of their cells and BAR are a 
continuous 7 transmembrane receptor chain of > 400 amino acids in length.  Within the 
BARs, there are three subclasses:  BAR1, BAR2, and BAR3 (Beermann, 2002; 
Mersmann, 2002).  The different synthetic BAA affects the BAR differently.  Optaflexx 
is a β-1 agonist, while Zilmax is a β-2 agonist (Beermann, 2004).  Bovine skeletal muscle 
and adipose have all three types of BAR, however; BAR1 and BAR2 have an effect on 
the increase in cyclic-adenosine monophosphate (cAMP), which begins an amplified 
enzyme cascade to increase protein synthesis (Mersmann, 1998).  The BAR2 are more 
27 
 
prevalent in muscle tissue and illicit a greater response, therefore Zilmax elicits a greater 
improvement in HCW (Sillence and Matthews, 1994; Meyer, 2001).    
Ricks et al. (1984) suggested that BAA increase muscle accretion at the expense 
of fat deposition in steers because nutrients that would go to fat accumulation are directed 
toward muscle due to increased protein synthesis, requiring more energy.  These authors 
coined the term “repartitioning agent” to describe the action in which BAA work.  The 
authors further proposed that the repartitioning activities of BAA are due to the use of 
free fatty acids as an alternative energy source for amino acid synthesis to create protein.  
Increased protein synthesis with little change in protein degradation led to muscle 
hypertrophy (Beermann 2004).  Binding of the BAA on the extracellular surface of the 
BAR, causes a conformational change to the receptor (Mersmann, 1998).  The BAR and 
G protein receptors are coupled and cause the activation of adenylyl cyclase to synthesize 
cAMP from adenosine triphosphate (ATP) (Johnson, 2004; Matayompong, 2005).  The 
cAMP regulates the activity of protein kinase A, which releases the catalytic subunits.  
The catalytic subunits consequently phosphorylate the necessary enzymes involved in 
lipid and protein synthesis (Johnson, 2004; Matayompong, 2005).  Through this enzyme 
cascade, there is an increase of non-esterified fatty acids and glucose into the blood as 
well as lactate and insulin; however, lipogenesis is impaired (Meyer, 2001).  
Beermann (2004) suggested that there is a decline in the rate of fat synthesis and 
storage when BAA are administered.  At the same time, there is a stimulation of fat 
mobilization which leads to more energy for protein synthesis and slower accumulation 
of fat in animals.  Miller et al. (2012) saw little effects of Zilmax on de novo fatty acid 
synthesis and concluded that the decrease in total carcass adipose tissue is likely caused 
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by the rerouting of nutrients away from fatty acid synthesis to muscle accretion.  This 
could explain why there is a reduction in lipogenesis as there are no nutrients 
accumulating and requiring storage.  Therefore, there would be no need to continue with 
lipogenesis.   
Beermann (2004) also suggested that the increase in muscle size through 
hypertrophy is caused by the same signaling mechanisms as in fat cells.  However, in the 
muscle cells, the signals increase the rate of ribonucleic acid (RNA), which leads to 
increased rates of muscle protein synthesis.  The increase in blood flow caused by BAA 
may be enhancing these processes by increasing blood flow to the adipose tissue.  There 
could be a fast rate of removal of the non-esterified fatty acids and enhanced lipid 
degradation (Beermann, 2004).  At the same time, increased blood flow to the muscles 
could increase hypertrophy by increasing the amount of nutrients available for protein 
synthesis (Mersmann, 1998).  The effects of BAA fed to animals do not continue over 
long periods of time.  The short duration response is due to BAR exposed to chronically 
elevated levels of BAA which leads to reduced responsiveness from the desensitization or 
down-regulation of activated BAR (Mills, 2002).   
The changes that are occurring during these metabolic processes are very complex 
and in-depth.  There is still much research to be done to fully understand how BAAs are 
causing metabolic changes in lipid and protein synthesis and degradation.  The following 
section will focus on Zilmax used in cattle production and its effects on production traits 
and carcass characteristics. 
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Live animal performance 
Although Zilmax was approved by the FDA in 2006, the manufacturer did not 
begin marketing the product to feedlots in the United States until 2007.  In that year’s 
time, numerous research trials were conducted in university and commercial research 
facilities.  The results of these studies were to increase the understanding of beef cattle 
growth and carcass characteristics and allow for the establishment of sound management 
practices for the use of Zilmax (Delmore et al., 2010). 
Cattle performance in the feedlot is evaluated by the amount of feed consumed 
(DMI), the amount of BW gained per day (ADG), the efficiency in converting the feed 
consumed to BW gained (G:F), and ultimately their final weight (Final BW).  
Vasconcelos et al. (2008) presented one of the first peer reviewed studies on feeding 
Zilmax versus a non Zilmax fed control.  In this study, the authors compared the average 
of feeding Zilmax for 20, 30, and 40 d versus the non Zilmax fed control.  The 
supplementation of Zilmax resulted in no difference in DMI from the beginning of the 
trial to the end.  However, there was a linear decrease in DMI from d 20 to d 40.  The 
authors reported an increase in ADG and G:F from d 0 of the trial to the end but no 
differences in final BW were observed.  This study is unique due to the comparisons that 
were made using the non Zilmax fed control versus the average of the 20, 30 and 40 d 
Zilmax fed cattle.  From this study, the authors concluded that feeding Zilmax more than 
20 d gave no additive gains in animal performance.  While other studies compare feeding 
Zilmax for longer days the rest of the review will focus on comparing 20 d versus not 
feeding Zilmax.  
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Elam et al. (2009) combined the results of four different trials and compared the 
effects of feeding Zilmax for 20 d versus not feeding Zilmax on feedlot performance.  
The authors reported no differences in DMI for d 0 to harvest in cattle fed Zilmax or not 
fed Zilmax.  There was an increase in ADG for Zilmax cattle over non Zilmax, and due 
to no change in DMI and an increase in ADG, cattle that received Zilmax also had greater 
G:F for the entire feeding period.  The authors also reported a significant increase in final 
BW.  These observations show the ability of Zilmax to change animal performance, as 
there were no differences detected in ADG, G:F and BW based on shrunk pen weight 
data 50 d before harvest.  Montgomery et al. (2009) reported similar findings when 
comparing steers fed Zilmax for 20 d or not fed Zilmax.  The authors observed that DMI 
tended to be lower for steers receiving Zilmax for 20 d, while there was a significant 
increase in ADG, G:F, and final BW.  The authors also presented carcass adjusted data 
based on the HCW divided by the average dressing percent of each treatment and again 
saw increases in ADG, G:F, and BW.   
Holland et al. (2010) conducted a 2 × 4 factorial design with either Zilmax or no 
Zilmax × withdrawal date of 3, 10, 17 or 24 d.  The authors found no differences in final 
BW or carcass adjusted final BW, and both increased linearly as day of withdrawal of 
Zilmax increased.  Additionally, there were no differences reported in ADG and DMI.  
However, there was a tendency for increased carcass adjusted ADG and significant 
increases in G:F in both live and carcass adjusted performance.  The results of this study 
could be hindered due to increased withdrawal days as the longer the withdrawal; the 
more the effects of feeding Zilmax are reduced.  The effect of withdrawal date showed 
linear decreases in ADG and G:F on both a live and carcass adjusted basis indicating that 
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if a direct comparison were made after a 3 d withdrawal from Zilmax, as in previous 
studies, there should be no differences between the studies. 
These studies demonstrate the effectiveness and ability of Zilmax to make feedlot 
steers more efficient during the feeding period as they show no change or a decrease in 
DMI, an increase in ADG leading to greater G:F, and no difference or an increase in final 
BW.   
Carcass characteristics 
 Carcass characteristics discussed below encompass measurements taken before 
fabrication that would be used to determine price in grid-based marketing systems. 
 As discussed in the previous section, Vasconcelos et al. (2008) compared cattle 
fed Zilmax or not fed Zilmax during the last 20, 30, or 40 d of the finishing phase.  The 
authors presented that cattle fed Zilmax had increased HCW 17.2 kg, DP by 1.7 
percentage units, and LMA by 9.2 cm
2
.  At the same time, they showed significant 
decreases in marbling score by 31.1 points, yield grade by 0.44, and 12
th
 rib fat 0.14 cm.  
When evaluating the USDA quality grade and calculated yield grade distributions, 
Vasconcelos et al. (2008) reported a significant decrease in the percent of cattle that 
graded USDA Choice, Premium Choice, and Prime, while there was an increase in the 
percentage of cattle that graded USDA Select among the cattle fed Zilmax.  However, 
there was an increase in the percent of cattle that had a calculated yield grade less than 
2.5 and a decrease in the cattle that yield between 3 and 3.5.   
 Elam et al. (2009) showed similar results, reporting increased HCW by 13.6 kg, 
DP by 1.36 percentage units, and LMA by 7.9 cm
2
, as well as an increase in the percent 
of carcasses that grade USDA Select and yielded 2.5 or lower.  Likewise, there was a 
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decrease in marbling score by 12 points, 12
th
 rib fat by 0.1 cm, calculated yield grade by 
0.37, the percentage of cattle grading USDA Prime and Premium Choice, and the 
percentage of cattle that had a calculated yielded > 3.5.  Elam et al. (2009) showed that 
due to increased HCW, there was an increase in the cattle that were discounted for 
overweight (> 454) carcasses.  Vasconcelos et al. (2008) did not report any differences in 
discounted cattle due to a smaller sample size and smaller cattle.  
 Montgomery et al. (2009) and Holland et al. (2010) reported increases in HCW, 
greater DP, and greater LMA.  They also found a decrease in USDA yield grade, but no 
differences in 12
th
 rib fat were found.  Montgomery et al. (2009) reported a significant 
decrease in marbling score, while Holland et al. (2010) reported that Zilmax -fed steers 
tended to have lower marbling scores.  They discovered a significant increase in the 
percentage of USDA Select with a decrease in the percentage of USDA Choice.  The 
same trend was reported in yield grades for Zilmax -fed cattle with a higher percentage of 
carcasses with USDA yield grade < 2 and a decrease in the percentage of carcasses with a 
yield grade > 4 (Montgomery et al. 2009). 
 The effects of feeding Zilmax for the last 20 d to finishing cattle has tremendous 
effects on growth, efficiency of gain, and lean tissue deposition in the carcass (Delmore 
et al., 2010).  Increased BW gain, particularly from carcasses, increases the possibility of 
having overweight carcasses.  This could negatively impact return on investment, and 
producers could benefit from research focused on implementing sorting strategies.  
Growth Promoting Anabolic Steroids  
 Anabolic steroids are a group of natural and synthetic estrogens (female hormone) 
and androgens (male hormone) approved for use in food-animal production as growth-
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promoting agents to increase growth rate and feed efficiency (Meyer, 2001).  Currently, 
90% of all feedlot cattle in the U.S. receive some type of implant (Johnson et al., 2013).  
The FDA has approved numerous types of implants for use in all different segments of 
the beef cattle industry from suckling calves to feedlot animals.  Additionally, there are 
different single and combination ingredients used such as Estradiol-17β (E17), zeranol, 
trenbolone acetate (TBA), and progesterone (Botts et al., 1997).  Combinations of E17 
and TBA represent two-thirds of all implants marketed in the U.S. in 2012 (Johnson et 
al., 2013).  Since the E17/TBA implants are the predominate implant used, the focus of 
this review will be on these compounds.  Anabolic steroid implants are only approved for 
implantation in the back middle of the ear.  Proper implanting is important for efficacy, 
and the pellets slowly dissolve into the bloodstream and are carried to all tissues in the 
body after administration (Johnson et al., 2013). 
Mode of Action of TBA & Estradiol Implants 
 Steroid hormones act upon the endocrine system and the endocrine system is the 
body’s mechanism for regulating physiological functions and controlling growth and the 
use of anabolic steroids have a significant effect on muscle growth (Trenkle, 1997; 
Meyer, 2001).  The combination of the two hormones TBA and E17 are more effective 
than either TBA or E17 alone in stimulating growth in feedlot steers (Pampusch et al., 
2008).  The combined synergistic effects of TBA and E17 are what make combination 
implants effective but to understand how the hormones work together they first must be 
described independently.   
Meyer (2001) discussed possible direct and indirect modes of action for E17.  The 
author suggested that there is a direct effect of stimulation of the estrogen receptor on the 
34 
 
skeletal muscle which stimulates muscle mRNA and the production of insulin-like 
growth factor I (IGF1) and increases protein synthesis.  Indirectly, E17 causes a 
stimulation of the anterior pituitary which in turn increases the secretion of growth 
hormone which leads to the production of IGF1 (Meyer, 2001).  The increase in IGF1 
helps stimulate skeletal muscle growth and protein synthesis and reduce protein 
degradation (Johnson et al., 2013).  Increased circulating IGF,1 and IGF1-mRNA levels 
increases the level of protein accretion in existing muscle tissue over a short period of 
time by hypertrophy, but to sustain long term muscle mass build up, the addition of new 
cells is required through hyperplasia (Johnson and Chung, 2007).   
The effects of TBA are not as well understood, Meyer (2001) suggested that TBA 
acts similar to other androgens; however, it shows strong binding with androgen, 
progestin, and glucocorticoid receptors.  The use of TBA has been documented to 
suppress tyrosine amino transferase, an enzyme linked to the degradation of proteins.  
Additionally, TBA acts as an anti-glucocorticoid which helps prevent protein catabolism 
by glucocorticoid hormones (Meyer, 2001).  Pampusch et al. (2008) compared TBA 
alone, E17 alone and TBA/E17 combination and suggested that in vivo the level of TBA 
was not high enough to measure a direct response to increased protein synthesis.  The 
authors reported that the combination of TBA/E17 had a greater impact on IGF1 serum 
and IGF1 mRNA levels compared to TBA or E17 alone and that TBA must be 
stimulating the muscle growth pathways creating a synergistic effect with E17.  
Kamanga-Sollo et al. (2011) concluded that TBA is dose dependent and is directly 
involved in influencing protein synthesis and protein degradation.  However, in vitro 
studies showed that other competitive inhibitors disrupt TBA from stimulating synthesis 
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and degradation.  The independent mechanisms by which estrogens and androgens illicit 
physiological effects, allow E17 and TBA to be used in a synergistic combination to 
produce additive anabolic affects in implanted cattle (Trenkle, 1997). 
The combined use of E17 and TBA has not only shown an increase in muscle 
protein through hypertrophy but also an increase in muscle protein through hyperplasia 
by increased cells formed from satellite cells (Johnson and Chung, 2007; Pampusch et al., 
2008; Chung et al., 2012).  In a review of anabolic steroids used in feedlot cattle, Dayton 
and White (2014) established that implanting with TBA/E17 increased the amount of 
satellite cells by 50% indicating that these hormones were causing satellite cells to 
proliferate and the new cells were fusing with muscle fibers causing an increased amount 
of DNA in the muscle which could be used to synthesize more protein.  The authors 
concluded that the use of anabolic steroids in the form of TBA/E17 increased satellite cell 
numbers, increased circulating IGF1 concentrations, and increased production of IGF1 in 
the muscle tissue, but that the total effects of implanting were not understood as many 
intracellular pathways and receptors influenced by these hormones are not yet established 
or understood.   
Live animal performance 
Live animal performance is significantly altered with the administration of 
implants in cattle.  Duckett and Pratt (2014) conducted a review of the effects of implants 
and found that a single TBA/E17 or the use of two TBA/E17 implants during the 
finishing period would return $162.81/animal and 218.58/animal (respectively) compared 
to non-implanted steers.  The return on investment with implanting is a huge incentive for 
feedlots to adopt this technology to further enhance animal performance. 
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Bartle et al. (1992) conducted a dose response study to determine the optimum 
level of TBA/E17 in single implant during the finishing period.  The dosages used were a 
5:1 ratio of TBA to E17 and consisted of 20mg/4mg, 80mg/16mg, and 140mg/28mg.  
There were also a non-implanted control and a single implant of either 140 mg of TBA or 
30 mg of E17.  In this study the authors observed as dose of TBA/E17 was increased, 
there was a linear increase in final live BW, ADG, and feed efficiency over the 
nonimplanted control cattle.  They concluded that 140mg TBA and 28 mg E17 was the 
optimum dosage of a TBA/E17 combination implant in steers.  Johnson et al. (1996) used 
a combination of 120 mg TBA/ 24 mg E17 in a single implant compared to non-
implanted cattle.  The authors reported implanting increased ADG by 16% over the entire 
feeding period and improved G:F by 13% compared to non-implanted cattle and that 
implanted cattle tended to have a greater DMI.  These higher dose implants were only 
administered once in the feeding period; however others have compared trials with 
multiple implants or different doses in the feeding period.     
 Duckett and Pratt (2014) analyzed the implant response of over 30 implants trials 
updated annually since 1997 and reported that the average improvement of a single 
TBA/E17 for ADG and G:F is 19.1 and 10.4%, respectively.  The improvement with two 
TBA/E17 implants during the finishing period results in a 20.0% increase in ADG and 
13.5% increase in G:F.  Increasing the number of implants is often due to increased days 
in the feedlot and additional implants are needed.  Parr et al. (2011) compared implanting 
cattle with either a single TBA/E17 implant during the finishing period (RevS, 120 mg 
TBA / 24 mg E17), two TBA/E17 implants during the finishing period (RevIS, 80 mg 
TBA / 16 mg E17) followed by RevS (RevIS-S), or a single TBA/E17 high dose 
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combination implant with a special polymer coat that has the effect of implanting twice in 
the feeding period (RevXS; 200 mg TBA / 40 mg E17).  In this trial cattle were fed for 
either 174 or 131 d and the authors found that as the DOF was extended, RevS was not as 
effective as RevIS-S or RevXS.  There was a difference in final live and carcass adjusted 
BW, carcass adjusted ADG, and live and carcass adjusted G:F between RevS and cattle 
implanted with RevIS-S and RevXS for cattle fed 174; however, there were no 
differences in live or carcass adjusted performance for cattle implanted with a RevS or 
RevIS-S, RevXS after 131 DOF.  These results indicate that as DOF increase, the amount 
of anabolic steroids available to cause a response decreases and multiple implants are 
needed to illicit increased performance.  Bryant et al. (2010) compared cattle implanted 
once with a high dose implant (RevS) or cattle implanted twice with a low dose followed 
by a high dose in the feeding period (RevIS-S).  The authors concluded that implanting 
multiple times increased final BW, DMI, ADG, and greater G:F.   
Implanted cattle will have greater feedlot gains and gain efficiency compared to 
nonimplanted cattle and cattle implanted more than once in the feeding period will have 
better gain and gain efficiency with extended days in the feedlot.  However, little work 
has been done on multiple aggressive high dose implants throughout the finishing period 
on feedlot performance and could be a potential opportunity to maximize efficiency if 
effective.   
Carcass characteristics 
 Duckett and Pratt (2014) used the same data set as discussed in the previous 
section to look at implanting effects on carcass performance.  They concluded that when 
using a single TBA/E17 in the feeding period there is an increase in HCW by 4.75%, an 
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increase in LMA by 5.8%, and a reduction in marbling by 4.62% when compared to 
nonimplanted cattle.  When two TBA/E17 implants were used, there was an increase in 
HCW by 7.46%, an increase in LMA by 9.0%, and a decrease in marbling by 9.34% 
compared to nonimplanted cattle.    
 Bartle et al. (1992) reported that as dose of TBA/E17 was increased, there was a 
linear increase in LMA, but linear deceases in marbling score and the percentage of cattle 
that graded USDA Choice, and observed no difference in 12
th
 rib fat and USDA yield 
grade.  Johnson et al. (1996) reported similar results when using a high dose implant.  
There was an increase in LMA, and no difference in USDA yield grade due to implanting 
after 115 d.  While the authors reported no differences in HCW and 12
th
 rib fat due to 
implanting, numerically these numbers were increased.  After 143 DOF, the authors 
reported no differences in any carcass characteristics although HCW and LMA were 
numerically larger and marbling scores were numerically reduced.  The lack of 
differences reported between implanted and nonimplanted cattle could be explained by a 
very small number of cattle used in this trial.  Also, by extending the implant too long in 
the feeding period, the implant loses its effectiveness resulting in lost performance 
(Johnson et al., 2013).   
 Bruns et al. (2005) compared nonimplanted cattle to cattle implanted at d 0 of trial 
or a delayed implant at d 56.  The authors reported that regardless of implanting strategy 
implanted cattle had heavier HCW, greater DP, and larger LMA, while 12
th
 rib fat did not 
differ compared to nonimplanted cattle.  Cattle that received a delayed implant had 
similar marbling to cattle that did not receive an implant indicating that delaying the 
39 
 
implant could possibly allow for increased carcass growth without negatively effecting 
marbling (Bruns et al., 2005).  
 When comparing one or multiple implants, carcass characteristics are greater in 
implanted cattle, but can differ between the number of implants used.  Parr et al. (2011) 
reported that HCW and LMA were greater for cattle that received two implants compared 
to one for 174 DOF.  However, there was a reduction in 12
th
 rib fat, marbling score, and 
calculated yield grade for cattle that received two implants at 174 d compared to a single 
implant.  Interestingly, there were no differences in HCW and other carcass 
measurements after 134 DOF between the three implant treatments; however, there were 
differences between RevS and RevIS-S with cattle receiving RevIS-S having lower 
quality and yield grade compared to RevS.  This could be similar to Johnson et al. (1996) 
because the single implant was no longer providing an adequate amount of TBA/E17 to 
cause a response at 174 d while at 134 there was still enough TBA/E17 to have no 
difference in HCW.  Bryant et al. (2010) showed that implanting twice in the feeding 
period increased HCW, and LMA, but did not affect 12
th
 rib fat, USDA quality grade, 
and calculated yield grade compared to cattle only implanted once in the feeding period.   
         Platter et al. (2003) concluded in a study with eleven lifetime implant strategies that 
cattle that received one or more implants had a lower marbling score.  Using higher dose 
implant strategies and increasing the number of implants from weaning to finishing 
negatively impacted USDA quality grade distributions by shifting them down closer to 
USDA Select (Platter et al., 2003).  These studies discussed are all conducted on a time 
dependent basis to compare cattle at equal DOF.  In a review by Nichols et al. (2002) the 
authors suggested that implanted cattle will have lower marbling scores at equal DOF 
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compared to nonimplanted cattle, but if cattle were harvested at physiological maturity, 
implanted cattle would maintain increased BW but the percentage of protein, adipose, 
and bone would not be different.  This could help producers and feedlots develop 
strategies to increase performance by selling more total pounds of beef and not hurt 
quality.    
Implanting Strategies 
 As previously discussed in an earlier section, it is important for feeders to predict 
carcass composition.  It is also important for feeders to understand the duration of 
implant effectiveness and how long cattle will be in the feedlot to match the proper 
implants to the cattle in order to develop implant programs that will maximize return on 
investment (Brandt, 1997).  Vasconcelos and Galyean (2007) reported that of 29 
surveyed nutritionists, 21 recommended the maximum number of days on a terminal high 
dose implant be 110 to 120 d or less.  This is important as not all cattle are fed for 110 to 
120 d and different implanting strategies must be developed to match the implant with the 
total DOF.   
Implanted cattle require a minimum amount of micro-gram/d of anabolic steroids 
from the dissolving implant pellets in order for growth promotion to occur.  The length 
(or payout) of the growth promoting phase depends on the rate of release from the 
implant (Reinhardt, 2007).  The rate of release is biphasic in nature, with blood serum 
hormone levels peaking the first few days after implantation then the rate of release 
slowly decreasing with additional DOF (Brandt, 1997; Reinhardt, 2007).  With the 
decreasing rate of release, implants can last 60 to 120 d depending on the dose before 
they are no longer effective; which is why re-implanting is important to feedlots (Preston, 
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1999).  Cattle have a peak performance response and performance decreases over time, 
however, by reimplanting, feedlots can restart the rate of release pattern causing an 
increase in hormones and then a slow decrease ensuring the animals always meet the 
minimum required micro-gram/d of anabolic steroids for extended days in the feedlot.   
Guiroy et al. (2002) concluded that increasing the implant dosage either by a 
single implant or reimplantation increased BW when comparing animals at the same 
body composition.  Implants reduce the physiological age of cattle causing the animal’s 
growth curve to shift to that of a younger animal that is more efficient in producing lean 
tissue; due to this shift in the growth curve, when implanted and non-implanted cattle are 
harvested at equal DOF the implanted cattle tend to have a lower percentage of body fat 
(Reinhardt, 2007).  Therefore, a higher implant dosage and an increased amount of 
implants will require animals to be fed for additional DOF in order to reach the same 
empty body fat percentage or equal compositional endpoint (Guiroy et al., 2002)   
Mader (1997) concluded that animal age, BW, and production goals are important 
when determining the correct implant dose in order to maintain the optimum hormone 
levels.  Reinhardt (2007) and Johnson et al. (2013) both discussed implanting strategies 
and how considerations must be based on the goals of the producers to target efficiency 
and lean meat yield or to target quality and still have efficiency.  The authors also discuss 
cattle type as continental cattle are leaner and could benefit from a stair step approach 
when implanting from a low dose initial implant to a high dose at reimplant in order to 
prevent a reduction in quality grade.  British breeds could use a longer growth period as 
they tend to mature earlier and could be put on a more aggressive higher dose implant 
regimen (Johnson et al., 2013).     
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Ultimately, implants are the one of the best and most widely used tools for 
increased animal and financial efficiency in growing and finishing beef cattle (Nichols et 
al., 2002).  With increased benefits to using growth promoting implants and BAA like 
zilpaterol hydrochloride combining the two in the finishing period could provide 
increased efficiencies; however, quality could be negatively impacted if not fed to a 
target fat endpoint. 
Use of Implants and Zilpaterol hydrochloride  
 The use of anabolic steroids and BAA in feedlot cattle has been shown to greatly 
increase efficiency, while these two growth promotants increase muscle mass through 
hypertrophy, the pathway to achieve this hypertrophy differs (Matayompong, 2005).  As 
mentioned in previous sections anabolic steroid implants have an effect on stimulating 
satellite cells to provide additional DNA whereas BAA do not affect satellite cells and 
increased DNA caused by implants could be used to further increase the effects of BAA 
due to differing modes of action (Johnson, 2004).   
 Baxa et al. (2010) compared the additive effects of TBA/E17 implants and the 
Zilmax on feedlot performance and carcass characteristics.  The authors reported that 
when implanted once during the feeding period and fed Zilmax for the last 30 d on feed, 
cattle had heavier final BW, higher ADG, and higher G:F than cattle that only received 
an implant or were only fed Zilmax.  Implanted cattle had a significantly greater DMI 
while there was no difference in DMI for cattle that received Zilmax.  The effects on live 
animal performance carried over to carcass performance, with animals receiving both 
growth promotants having heavier HCW, greater dressing percentage, larger LMA, and 
lower marbling scores compared to animals that only received one growth promotant.  
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Implanted cattle did not differ in 12
th
 rib fat, while cattle that received Zilmax had a 
significant decrease in 12
th
 rib fat.  Baxa et al. (2010) also looked at mRNA 
concentrations and inferred using implants and Zilmax caused BAR2 mRNA 
concentrations to increase which causes a greater growth response.  Kellermeier et al. 
(2009) evaluated the same cattle in the packing plant from grading to fabrication and 
found that implants and Zilmax additively increase muscle fiber diameter by hypertrophy.  
Overall the use of an implant and Zilmax increased the amount of lean meat yield in a 
fabricated carcass, but negatively shifted quality grade down having a significantly 
greater percentage of cattle grading USDA Select and Standard. 
 The combined use of implants and BAAs like Zilmax has shown additive 
benefits.  These benefits allow producers to increase saleable BW of cattle with increased 
efficiency in the feedlot.  Potential risks include heavier carcasses at harvest and 
decreased carcass quality which could lead to decreased return on investment and hurt the 
producers’ bottom line.         
Conclusions 
One of the major factors involved with overall profitability of cattle feeding 
operations are costs associated with BW gain.  The beef cattle industry is always 
evolving, and the industry is developing and adapting new technologies to help reduce 
expenses in order to become more efficient and profitable.  
With the use of scales, cattle can be sorted to make a more uniform group of 
cattle, dependent on marketing goal.  This can be done at any point in the finishing period 
from entry into the feedlot up to just prior to shipment for harvest (Rolfe, 2011).  If cattle 
are marketed too soon, profit is not maximized, whereas if cattle are fed too long, cattle 
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may receive discounts.  While sorting has become common at the beginning of the 
feeding period little research has been done at the end of the finishing period.  
Exogenous compounds that can be administered to cattle to convert energy 
consumed more efficiently into body mass have been studied, and used since the 1960s.  
Currently there are two major growth promoting agents that are approved for use in the 
U.S. cattle feeding industry; BAA and anabolic steroid implants.  Implants improve 
growth rate, feed efficiency, and HCW.  There are many options feedlots can adopt in 
their implant program allowing them to have an implant program that fits their marketing 
goals as well as giving them the highest return on investment (Nichols 2009).  Β-agonist 
are potent growth promoters that dramatically increase skeletal muscle mass and reduce 
body fat content.  Feeding a BAA for the last 20 days prior to slaughter resulted in 
increased ADG, improved feed efficiency, increased HCW, and increased carcass 
leanness.  These increases in efficiency decrease the amount of inputs, allowing the 
feedlot to sell more total pounds of beef.  These new technologies could potentially make 
the entire beef supply chain more efficient and more profitable. 
Therefore, the objectives of these studies were: to evaluate the effects of sorting at 
different times in the feeding period and feeding a β-agonist to the remaining steers after 
the heaviest steers were removed or sorting into multiple groups and feeding a β-agonist 
to all steers on feedlot performance and carcass characteristics (Exp. 1, 2).  To evaluate 
the effects of aggressive implant strategies on feedlot performance and carcass traits of 
steers and heifers in a commercial setting (Exp. 3, 4, 5).    
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Abstract 
 
Two studies were conducted to evaluate sorting and feeding Zilpaterol 
hydrochloride (ZH) on feedlot performance and carcass characteristics.  Cross-bred beef 
steers were used in a randomized block design finishing trial.  In Exp. 1, (initial BW 342 
± 10 kg, n = 1,000) 5 treatments included an unsorted non-ZH fed negative control (-
CON), unsorted ZH fed positive control (+CON); and three treatments where the heaviest 
20% within the pen were sorted and marketed 28 d early and the remaining 80% were fed 
ZH.  The 20% were identified at the beginning (EARLY), 100 d from slaughter 
(MIDDLE), or 50 d from slaughter (LATE).  Because of sorting, remaining steers in 
sorted treatments were fed 14 d longer than -CON and +CON.  Average days on feed for 
control treatments were 165 d and 173 d for the EARLY, MIDDLE, and LATE 
treatments.  In Exp. 2 (initial BW 376 ± 29 kg, n = 1,400) the 4 treatments included -
CON, +CON, an early weight sort fed ZH (1-SORT) with heaviest  20% identified at d 1, 
and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, with the 
remaining 80% of the pen fed 7 d longer than –CON and +CON, and a four-way sort 50 d 
from harvest fed ZH (4-SORT) with steers sorted into a HEAVY, MID-HEAVY, MID-
LIGHT, and LIGHT group marketed -14 d, 0 d, +7 d, and +28 d from –CON and +CON, 
respectively.  Average days on feed for control treatments were 154 d, 157 d for the 1-
SORT, and 159 d for 4-SORT.  Steers were fed Zilmax at 8.3 mg/kg DM for 20 d 
followed by a 3 d withdrawal.  In Exp. 1, steers fed +CON had 13 kg greater HCW than -
CON.  Steers sorted EARLY, MIDDLE, and LATE had 28, 25, and 24 kg heavier (P < 
0.01) HCW than -CON, respectively.  Carcass weight SD was greater (P = 0.01) for 
+CON than -CON, but not different (P = 0.17) between -CON and ZH sorted treatments.  
56 
 
Percentage of overweight carcasses (454 kg) was greater (P ≤ 0.05) in sorted treatments 
than -CON.  In Exp. 2, HCW for +CON was 15 kg heavier (P < 0.01) than –CON, and 
HCW for 4-SORT was greater (P < 0.02) than +CON.  Carcass weight SD was not 
different (P > 0.10) between +CON and –CON, while carcass weight SD of 4-SORT was 
reduced (P < 0.01) compared to –CON and +CON.  Steers fed ZH had a greater 
percentage of carcasses over 454 kg than –CON (P < 0.01).  Although not statistically 
different (P = 0.27), % of carcasses over 454 kg were reduced by 28% for 4-sort 
compared to +CON.  Feeding ZH increases carcass weight, but sorting reduces variation 
allowing further increases in carcass weight while minimizing overweight carcasses. 
Key words: carcass merit, feedlot cattle, terminal sorting, zilpaterol hydrochloride 
 
Introduction 
 
Zilpaterol hydrochloride (Zilmax) is an approved, orally active ß-adrenergic 
agonist (Zilmax, Merck Animal Health, De Soto, KS).  ß-agonists are potent growth 
promoters that dramatically increase skeletal muscle mass and reduce body fat content 
(Delmore et al., 2010).  Feeding Zilmax for the last 20 days prior to slaughter increased 
ADG, improved G:F, increased carcass weight by 15 kg, and increased carcass leanness 
compared to cattle not fed Zilmax (Vasconcelos et al., 2008; Elam et al., 2009; and 
Montgomery et al., 2009ab).   
Moore et al. (2012) indicated that 33% of audited cattle were fed too long (> 1.5 
cm of 12th rib fat thickness), and that 25% of the cattle were not fed long enough, 
resulting in lighter carcasses and reduced quality grades.  Previous research indicates that 
sorting cattle allows pens of cattle to be fed longer and these additional days allow for 
increased HCW, an increase in the percent of carcasses that graded choice, and fewer 
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overweight carcasses (Cooper et al., 1999, 2000; Pyatt et al., 2005).  Sorting is used to 
decrease the standard deviation of BW in a group of cattle, dependent on marketing goal, 
and can be done at any point in the finishing period from entry into the feedlot up to just 
prior to shipment for harvest (MacDonald et al., 2006; Rolfe, 2011).  Sorting upon entry 
into the feedlot has been a common practice; however, little research has been done on 
the use of a weight sort in combination with feeding Zilmax for the last 20 days prior to 
slaughter.   
Therefore, the objectives of these studies were to evaluate the effects on feedlot 
performance and carcass characteristics of sorting at different times in the feeding period 
and feeding Zilmax to the remaining steers after the heaviest steers were removed (Exp. 
1) or sorting into multiple groups and feeding Zilmax to all steers (Exp. 2). 
Materials and Methods 
 
All procedures used in these experiments were reviewed and approved by the 
University of Nebraska Lincoln Institutional Animal Care and Use Committee (IACUC). 
Experimental Design and Procedures: Exp. 1 
British and British × Continental yearling steers (n = 1,000; 343 ± 10 kg initial BW) 
were assigned randomly to one of 40 pens within 3 arrival blocks (25 steers/pen).  Steers 
in block one were sourced from the ranch or auction market and transported to the 
University of Nebraska-Lincoln Agriculture Research and Development Center (ARDC) 
research site located near Mead, NE.  Steers arrived from October 16, 2009 to November 
19, 2009 and were backgrounded by grazing cornstalk residue and supplemented with 
wet corn gluten feed (SweetBran; Cargil Inc, Blair, NE), followed by grazing pasture 
until initiation of the trial in May of 2010.  Steers in blocks two were sourced from an 
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auction market in Nebraska, and steers in block three were sourced from an auction 
market in Oklahoma on June 4, 2010 and June 21, 2010, respectively, prior to allocation 
to the study.  At the time of feedlot arrival, all steers were individually identified (panel 
tag, ear electronic button, and metal tag), steers in blocks one and two received an 
infectious bovine rhinotracheitis (IBR) virus, parainfluenza-3 (PI3) virus, bovine viral 
diarrhea (BVD) virus (types I and II), and bovine respiratory syncytial (BRS) virus 
combination vaccine (Bovi-Shield Gold 5, Zoetis Inc., Florham Park, NJ), a Clostridium 
chauvoei, septicum, novyi, sordellii, perfringens Types B, C and D bacterin-toxoid 
(Vision 7, Merck Animal Health), a 10 percent fenbendazole oral suspension for the 
control of lung worms, stomach worms and intestinal worms (Safe-Guard
 
Dewormer; 
Merck Animal Health), and topical ivermectin for gastrointestinal and external parasite 
control (IVOMEC Pour-On; Merial Ltd., Duluth, Georgia). On d 0 of trial (June 10, 2010 
for block 1, and June 16, 2010 for block 2) steers were implanted with 40 mg estradiol 
benzoate/ 200 mg trenbolone acetate growth implant (Revalor-XS, Merck Animal 
Health).  Steers in block three had been vaccinated previously and therefore only received 
topical ivermectin for gastrointestinal and external parasite control (IVOMEC
 
Pour-On, 
Merial Ltd.) and an estradiol benzoate/trenbolone acetate growth implant (Revalor-XS, 
Merck Animal Health.) on d 0 of the trial (June 29, 2010).  Cattle were housed in open 
lots with 26 to 30 m
2
 of pen space per animal, and 30 to 39 cm of linear bunk space per 
steer.  Steers had ad libitum access to fresh clean water and their respective diets.  Steers 
were fed twice daily at approximately 0700 h and 1100 h in concrete fence-line bunks 
with the same Roto-Mix model 420 (Roto-Mix, Doge City, KS) mixer/delivery box 
mounted on a single-axle feed truck for the duration of the study. 
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Prior to the start of the experiment, steers were limit fed 10% corn silage, 5% wheat 
straw, 41.6% Sweet Bran (Cargill Inc.), 41.6% alfalfa hay, and 1.8% supplement (DM 
basis) at 2% of BW for 5 consecutive d to reduce variation in BW due to gut fill as 
described by Watson et al., (2013).  Following the limit feeding period, steers were 
individually weighed on d 0 and pen weighed on d 1, and the average of 2 d weights were 
used to determine initial BW.  Steers were assigned randomly to pens based on d 0 BW, 
and, steers were subsequently sorted into treatment pens on d 1.  The five treatments 
included an unsorted non- Zilpaterol hydrochloride (Zilmax, Merck Animal Health) fed 
negative control (-CON), unsorted Zilmax fed positive control (+CON); and three 
treatments where the heaviest 20% within the pen were sorted and marketed 28 days 
early and the remaining 80% were fed Zilmax.  The 20% were identified at the beginning 
(EARLY), 100 days from slaughter (MIDDLE), or 50 days from slaughter (LATE) by 
weighing steers individually.  The heaviest 20% of steers in each pen in the EARLY 
treatment were identified during weighing and processing on d 0.  One hundred days 
prior to the target marketing date, steers from pens on the MIDDLE treatment within a 
block were individually weighed to identify the heaviest 20% of steers.  Fifty days prior 
to the target marketing date steers from pens in the LATE treatment within a block were 
individually weighed to identify the heaviest 20% of steers.  Within a block, the heaviest 
20% of steers in the sorted treatments were sorted from their pen mates, weighed as a 
group by pen, and shipped for slaughter 28 days before the remainder of the pen was 
scheduled for shipment and were not fed Zilmax. 
Steers that received Zilmax were fed Zilmax at 8.33 mg/kg DM for 20 d followed by 
a 3-d withdrawal.  Supplement was manufactured at the University feed mill on site and 
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submitted for Zilmax assay (Merck Analytical Laboratory, Lawrence, KS) 1 wk prior to 
use in Exp. 1 and 2.  Two different supplements were used for this experiment, one that 
contained Zilmax and one that did not contain Zilmax.  A USDA approved food grade 
blue dye (Sensient, St. Louis, MO) was added to the supplement containing Zilmax 
during the manufacturing process as an aid to ensure that the correct pens were fed and 
the mandatory 3 d withdrawal was fulfilled.  Diet samples were collected from feed 
bunks weekly during the trial and analyzed for nutrient composition (Ward Labs, 
Kearney, NE).  Diet formulations and nutrient compositions of the basal diet are outlined 
in Table 1.  Prior to feeding Zilmax, a mixer study was conducted at the research feedlot 
to validate the feed truck mixers and to test for Zilmax carryover in subsequent loads.  No 
carryover of Zilmax was detected in subsequent loads, but a flush load of ground hay and 
wet distillers grains plus solubles, was run between the feeding of the Zilmax fed pens 
and the –CON pens.  Feedbunks were visually evaluated each morning and were 
managed to allow trace amounts of feed to remain in the bunk before feed delivery.  Pens 
of steers were visually evaluated daily by trained animal health personnel based on 
standard protocol for the facility based on the DART system (Zoetis Inc.).  Any steers 
identified as ‘sick’ were sorted from the pen and moved to the processing facility for 
diagnosis and treatment, then returned back to the pen.  Feed bunks were sampled on a 
weekly basis, and samples were submitted for Zilmax assays (Table 2).  Feed refusals 
were collected as required throughout the trial and were subsequently weighed and dried 
in a forced air oven (LBB 2-27; Despatch Industries, Minneapolis, MN) at 60ºC for 48 h 
to calculate DMI described by Buckner et al., 2011.  
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Steers were slaughtered at a commercial abattoir (Greater Omaha, Omaha, NE).  Hot 
carcass weight (HCW) were collected on the day of slaughter.  After a 48-h chill, 
marbling score, 12
th
 rib fat depth, and LM area were recorded. Yield grade was calculated 
using the yield grade equation (USDA, 1997) where yield grade = 2.50 + (6.35 x 12th rib 
fat depth, cm) – (2.06 x LM area, cm2) + (0.2 x KPH, %) + (0.0017 x HCW, kg).  A 
calculated dressing percentage was used to calculate carcass adjusted performance to 
determine final BW, ADG, and G:F.   
Pen weights were collected on the heaviest 20% of steers on the day of shipment for 
slaughter for all arrival blocks; therefore, all steers sold early as part of the 20% had a 
measured dressing percentage.  Pen weights were collected on the remaining 80% for 
block 3 (3 replicates for EARLY, MIDDLE, and LATE).  Based on HCW and the group 
weights for those pens, an average dressing percentage of 64.2% was calculated for 
Zilmax fed cattle.  To determine the dressing percentage for steers not fed Zilmax, a 
1.36% reduction (Elam et al., 2009) was applied to the dressing percentage for steers fed 
Zilpaterol, resulting in a dressing percentage of 62.8% for non- Zilmax fed steers.  Steers 
were marketed on a HCW basis, which was the target outcome.   
Experimental Design and Procedures: Exp. 2  
Crossbred (British and British cross) yearling steers (n = 1400; 376 ± 29 kg initial 
BW) were blocked (4 blocks) by arrival group (25 steers/pen, 56 pens) and assigned 
randomly to pen to receive 1 of 4 treatments.  The 4 treatments included: 1) an unsorted 
non-Zilmax fed negative control (-CON); 2) unsorted Zilmax fed positive control 
(+CON); 3) early weight sort fed Zilmax (1-SORT) with the heaviest 20% identified at d 
1 and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, with the 
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remaining 80% of the pen fed 7 d longer than the –CON and +CON; and 4) four-way sort 
50 d from harvest fed Zilmax (4-SORT) with steers sorted into a HEAVY, MID-
HEAVY, MID-LIGHT, and LIGHT group, marketed -14 d, 0 d, +7 d, and +28 d from the 
–CON and +CON, respectively.  Because the heaviest steers were sorted early, the 
remaining steers in the sorted treatments were fed longer than the –CON and +CON as a 
treatment. 
Steers in block 1 were sourced from a pool of cattle that were from ranches and sale 
barns and arrived at the ARDC research site between October and November 2011.  
Steers were backgrounded on corn residue or utilized in growing studies until trial 
initiation.  Steers in block 2 and 4 were a mixture of cattle that arrived at the feedlot in 
October and November 2011 and cattle sourced from auction barns on May 9, 2012 and 
May 17, 2012 prior to allocation to the study.  Block 3 steers were sourced from auction 
markets on May 11, 2012 prior to allocation to the study.    
On the day of allocation to treatment (May 8, 2012, for block 1; May 15, 2012, for 
block 2; May 18, 2012 for block 3; May 30, 2012 for block 4), all steers were implanted 
with Revalor-XS (Merck Animal Health).  On arrival at the feedlot, cattle were handled 
and processed similar to steers in Exp. 1.  Limit feeding and weight procedures were the 
the same as described in Exp.1.  Following the limit feeding period, steers were assigned 
randomly to pen based on d 0 individual weights and pens were assigned randomly to 
treatment.  Initial BW was determined by averaging the individual 2 d weights collected 
on d 0 and d 1.  The heaviest 20% of steers in each pen in the 1-SORT treatment were 
identified during weighing and processing on day 0.  Steers were held under the same 
feedlot conditions as Exp. 1 with  ad libitum access to fresh water and fed twice daily at 
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0700 h and 1100 h.  Zilmax supplementation procedures were the same as Exp. 1.  Diet 
formulations and nutrient compositions of the diet are outlined in Table 1.  Feed bunks 
were sampled on a weekly basis, and samples were submitted for Zilmax assays similar 
to Exp. 1 (Table 2). 
Fifty days prior to the target marketing date, the heaviest 20% (5 steers/pen) 
identified on d 0 in the 1-SORT treatment were sorted and moved to a separate pen and 
the remaining light 80% were returned to the original pen.  Likewise, steers from 4 pens 
(100 steers) in the 4-SORT group within a block were individually weighed and sorted 
with the heaviest 25% (25 steers) sorted into the HEAVY group, the next heaviest 25% 
(25 steers) into the MID-HEAVY group, the next heaviest 25% (25 steers) into the MID-
LIGHT group, and the lightest 25% (25 steers) into the LIGHT group.  All cattle within 
replication within block were held under the same conditions and were weighed 
individually and then sorted on the same day.  Intake was determined by using the pen 
average before sort and pen average after sort for treatment DMI.  Within a block, the 
heaviest 20% of steers in the 1-SORT and HEAVY group in 4-SORT sorted treatments 
were weighed by pen and shipped for harvest 14 days before the –CON and +CON.  The 
MID-HEAVY 4-SORT group, the –CON, and the +CON were weighed by pen and 
shipped for harvest on d 154.  The remaining 80% of the 1-SORT treatment and the 
MID-LIGHT 4-SORT group were weighed by pen and shipped for harvest 7 d after the –
CON and +CON.  Lastly, the LIGHT 4-Sort group were weighed by pen and shipped for 
harvest 28 d after the –CON and +CON.  On the day of shipping, cattle were fed 50% of 
the previous days feed call in the morning and in the afternoon all cattle to be shipped 
were brought to the weighing facilities and held under the same conditions and pen 
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weighed to determine final live BW before being loaded on the truck.  Steers were 
harvested at a commercial abattoir (Greater Omaha, Omaha, NE) the following morning.  
Hot carcass weight were collected on the d of slaughter.  After a 48 hr chill, marbling 
score, 12
th
 rib fat depth, KPH fat, and LM area were recorded.  Yield grade was 
calculated using the yield grade equation (USDA, 1997) where yield grade = 2.50 + (6.35 
x 12th rib fat depth, cm) – (2.06 x LM area, cm2) + (0.2 x KPH, %) + (0.0017 x HCW, 
kg).  Dressing percentage was calculated using HCW and the final live BW collected at 
shipping shrunk 4% for a final shrunk BW. 
Statistical Analysis  
In Exp. 1, performance data were analyzed as a randomized block design using the 
Glimmix  procedure of SAS (SAS Institute Inc., Cary, NC) using a protected F-test and 3 
preplanned contrasts.  The analysis included the following pre-planned contrasts: -CON 
vs. +CON; -CON vs. EARLY, MIDDLE, and LATE; +CON vs. EARLY, MIDDLE, and 
LATE.  Steers were blocked by arrival group and pen was the experimental unit.  The 
model included the fixed effects of treatment, with block as a random effect.  Frequency 
data were analyzed using binomial proportions with the Glimmix procedure of SAS using 
the model as previously described, with pen serving as the experimental unit.  For 
frequency data, the ILINK option of SAS was used to determine least square means and 
SE of the proportions.  Alpha values ≤ 0.05 were considered significant.    
In Exp. 2, data were analyzed as a randomized block design using the Glimmix 
procedure of SAS.  Steers were blocked by arrival group and pen was the experimental 
unit.  The model included the fixed effects of treatment, with block as a random effect.  
For the –CON, +CON and 1-SORT, replication consisted of a pen of 25 steers.  However, 
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for the 4-SORT, replication consisted of 4 pens of 100 steers each.  To account for this 
difference in treatment size, standard deviation and coefficient of variation were 
calculated on each pen and a log transformation was done to test variability of the 
standard deviation and coefficient of variation.  Frequency data were analyzed using the 
same methods as described in Exp. 1.   
Results and Discussion 
Feedlot Performance 
Due to the weight sort, steers in the Zilmax sorted treatments were fed an average of 
8 d longer than the control treatments in Exp. 1 while the 1-SORT and 4-SORT 
treatments were fed 3 and 5 d longer when compared to the controls in Exp. 2.  In Exp. 1 
steers fed the +CON had 8 kg heavier numerical (P = 0.21) final BW than steers fed the –
CON (Table 3), similarly there was a numerical (P = 0.11) increase in final BW in Exp. 2 
of 7 kg between –CON and +CON (Table 4).  In previously reported experiments, final 
live BW of cattle fed Zilmax increased by an average of 8.6 kg when compared to non-
Zilmax fed cattle which is consistent with the current studies (Vasconcelos et al., 2008; 
Montgomery et al., 2009b; and Elam et al., 2009).   
Intake was not different (P = 0.33) among the five treatments in Exp.1 while in Exp. 
2 there was no difference (P > 0.05) between the –CON and +CON for DMI, but DMI 
was less (P < 0.05) for –CON compared to the sorted treatments.  There was no 
difference (P = 0.15) in DMI over the entire feeding period between Zilmax and non 
Zilmax fed cattle in Exp. 1 and no difference (P ≥ 0.09) in DMI between –CON and 
+CON in Exp. 2 which has been a common observation (Vasconcelos et al., 2008; Elam 
et al., 2009; and Holland et al. 2010).  In the current experiments, there were also no 
difference in DMI between cattle that were sorted or unsorted and fed Zilmax.  This is in 
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agreement with MacDonald et al. (2006) and Griffin et al. (2009) who reported similar 
results when comparing unsorted steers, steers that were sorted upon entry into the feed 
yard, and steers sorted during the middle of the finishing period.   
In Exp. 1, G:F was greater (P = 0.02) for the +CON than –CON, but was not 
different (P = 0.67) between the +CON and the Zilmax sorted treatments.  Average daily 
gain was greater (P < 0.01) for the sorted treatments when compared to the –CON while 
the +CON was intermediate (P ≥ 0.19) in Exp. 1.  There were no differences (P ≥ 0.33) in 
ADG and G:F in Exp. 2 on a live weight basis.  Increased G:F comparing Zilmax fed 
cattle to non-Zilmax fed cattle similar to the current studies, have been reported by Elam 
et al., (2009), Montgomery et al., (2009a), and Holland et al., (2010).  Elam et al. (2009) 
and Montgomery et al. (2009a) reported a statistical difference in ADG from d 0 to finish 
between Zilmax and non-Zilmax fed steers.  In contrast, Holland et al. (2010) did not 
report a difference in ADG.  
Additionally, there were no differences in morbidity (P ≥ 0.17), removals (P = 1.00) 
or mortalities (P ≥ 0.96) before and during Zilmax supplementation in Exp. 1 and 2 
(Table 5 and 6).  
Carcass Characteristics 
Regardless of sorting, all cattle fed Zilmax had increased HCW (P < 0.01) in Exp. 1 
and 2 compared to non-Zilmax fed cattle, and this response has been well documented 
with an average increase in HCW of 13.2 kg in steers fed Zilmax (Vasconcelos et al., 
2008; Montgomery et al., 2009a; and Elam et al., 2009).  In Exp. 1 and 2 there was an 
increase in HCW by 13 kg and 15 kg, (respectively) between the –CON and +CON 
(Table 7 and 8). Furthermore, average HCW was further increased (P ≤ 0.05) by sorting 
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in both Exp. 1 and 2, due to the extra additional DOF compared to the +CON.  Hot 
carcass weight from steers sorted EARLY, MIDDLE, and LATE were 28, 25, and 24 kg 
heavier (P < 0.01) than –CON in Exp. 1.  In Exp. 2, HCW from +CON fed steers were 15 
kg heavier (P < 0.01) than –CON and HCW from steers in 1-SORT and 4-SORT were 18 
and 19 kg heavier (respectively) (P < 0.01) than –CON.  Other research has reported a 
similar increase in HCW between cattle sorted upon entry into the feedlot compared to 
cattle left unsorted, and little research has been conducted after 45 days in the feeding 
period (MacDonald et al., 2006; Folmer et al., 2008; Rolfe et al., 2011).  While there is an 
increase in HCW for steers fed Zilmax, there is the increased potential of yearling cattle 
to have overweight carcasses at harvest (Griffin et al., 2009).  Sorting yearling steers has 
increased HCW while decreasing percentage of overweight carcasses (Folmer et al., 
2008).  Standard deviation in carcass weight in Exp. 1 was greater (P = 0.01) for +CON 
than -CON, but was not different (P = 0.17) between -CON and Zilmax sorted treatments 
in Exp. 1.  The percentage of carcasses over 454 kg was greater (P < 0.01) in the 
EARLY, MIDDLE, and LATE treatments (average of 15.46 %) than –CON (4.89 %) 
while the percentage of carcasses over 476 kg was not different (P = 0.16).  In Exp. 2 
carcass weight SD were not different (P > 0.95) between +CON and –CON, while 
carcass weight SD of 4-SORT was reduced (P < 0.01) compared to the unsorted controls.  
All steers fed Zilmax had a greater percentage of carcasses over 454 kg than –CON (P < 
0.01).  Although not statistically different (P = 0.27), the percentage of carcasses over 
454 kg was reduced by 22% for 4-SORT compared to +CON in Exp. 2.  The percentage 
of carcasses over 476 kg was significantly lower (P < 0.05) for 4-SORT compared to 
+CON.  Elam et al. (2009) reported there was a significant difference in the amount of 
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carcasses that were over 454 kg and greater than 476 kg (P ≤ 0.01) due to Zilmax 
supplementation.  Vasconcelos et al. (2008) noted they did not have significant 
differences in percentage of carcasses weighing over 454 kg and 476 kg due to a smaller 
sample size and smaller HCW at harvest.   
Folmer et al., (2008) and Griffin et al., (2009) both observed a significant reduction 
in HCW standard deviation when sorting was applied and allowed for a more uniform 
distribution of cattle.  Due to this decrease in HCW standard deviation, there was also a 
reduction in carcasses that weighed over 431 kg and 454 kg in these studies.  
In Exp. 1, LM area was greater (P < 0.01) in +CON than -CON, but was not 
different (P = 0.57) between +CON and sorted treatments.  Calculated yield grade was 
lower (P ≤ 0.02) for Zilmax fed treatments compared to the non-Zilmax fed, and the 
+CON had lower (P < 0.01) calculated yield grades vs. the three sorted treatments.  
Marbling score was lower (P < 0.01) for +CON than -CON, but was not different (P = 
0.70) between -CON and sorted treatments.  In Exp. 2, LM area was greater (P < 0.01) in 
+CON than –CON, and 4-SORT had increased (P < 0.05) LM area vs. +CON.  
Calculated yield grade was lower (P ≤ 0.01) for the Zilmax fed treatments vs. the non-
Zilmax fed treatment.  Marbling score was numerically lower (P = 0.06) for +CON, 1-
SORT, and 4-SORT when compared to –CON.  The increase in LM area and decrease in 
calculated yield grade and marbling score between non-Zilmax fed and Zilmax fed cattle 
has been reported by Vasconcelos et al. (2008), Elam et al, (2009) and Montgomery et al, 
(2009a).  When sorting Folmer et al. (2008) reported no difference in LM area and 
marbling score between unsorted and sorted cattle.  There is the added benefit of larger 
LM area without dramatically effecting quality grade with sorting in conjunction with 
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feeding Zilmax.  Griffin et al. (2009) also noted no difference in yield grade between 
cattle that were sorted upon entry into the feedlot and cattle that were not sorted.   
In previous studies evaluating Zilmax, USDA yield and quality grades have 
decreased due to greater muscle mass accumulation and decreased carcass fatness 
(Vasconcelos et al., 2008; Elam et al., 2009).  In the present experiments a greater 
percentage of carcasses have USDA yield grades < 2.5 and a decrease in the percentage 
of carcasses with USDA yield grade > 3.5.  With quality grades, feeding Zilmax has 
resulted in a decrease in the percentage of quality grades in the upper 2/3 of the USDA 
Choice grade and an increase in the percentage of quality grades that are USDA Select 
(Montgomery et al., 2009b, Elam et al., 2009).  In Exp. 1, the percentage of US yield 
grade 2 carcasses was greater (P < 0.01) for the +CON than the –CON and the sorted 
treatments, but was not different (P = 0.55) between the –CON and the sorted treatments 
(Table 9).  No differences in quality grade distribution were observed (P ≥ 0.25).  In Exp. 
2, the percentage of USDA Yield Grade 1 and 2 carcasses were greater (P < 0.01) for 4-
SORT compared to the –CON.  Because of this shift in the yield grade distribution, the 
percentage of USDA Yield Grade 4 and 5 carcasses was reduced (P ≤ 0.01) for 4-SORT 
cattle compared to the –CON (Table 10).  The percentage of cattle grading USDA High 
Choice for 4- SORT were reduced (P < 0.02) when compared to –CON, and because of 
this reduction in percent of cattle grading USDA High Choice, there was an increase (P < 
0.01) in the percent of 4-SORT cattle that graded USDA Select when compared to –
CON.   
Individual Sort Group Performance 
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Between the HEAVY and the LIGHT groups within the 3 sorted treatments in Exp.1, 
there was an average of 22.6 kg difference in initial BW; however, due to an additional 
28 days on feed (DOF) and feeding Zilmax, numerically, the weighted average of the 
LIGHT cattle had heavier HCW (Table 11).  Using the calculated dressing percentage of 
56.8 for d 0 cattle calculated by May et al., (1992) there is an initial HCW difference of 
13 kg for the HEAVY cattle compared to the LIGHT cattle.  However, at the end of the 
feeding period using the final HCW, LIGHT cattle had an advantage in HCW indicating 
that there was a 15 kg advantage in HCW gain for LIGHT cattle vs. HEAVY cattle 
during the feeding period.  Sorting with addition of Zilmax allowed for lighter cattle to 
add an additional 27 kg of HCW.  The increase that would be expected from additional 
DOF has been observed by May et al., (1992) who, increased HCW by 11 kg from d 140 
to d 168 and 53 kg from d 168 to 196.  Similarly, Streeter et al., (2012) reported an 
increase in HCW of 17 kg with an additional 21 DOF.  In both of these studies, all cattle 
either did not receive Zilmax or all received Zilmax.  With this increase in HCW from 
additional DOF and Zilmax for the LIGHT cattle, there was an increase in the percentage 
of carcasses over 454 and 476 kg.  In Exp. 2, the sorting method was changed to allow 
for all sorted cattle to receive Zilmax to take advantage of the increase in HCW and to 
increase the number of sort groups from 2 in Exp.1 to 4 groups in Exp. 2 (Table 12).  
This increase to 4 sort groups was to manage the 25% of cattle that are fed too long and 
the 25% of cattle that are not fed long enough (Folmer et al., 2008).  The HEAVY cattle 
within the 4-SORT group had an advantage in heavier initial BW but by increasing DOF 
by 14, 21, and 42 for the MID-HEAVY, MID-LIGHT, and LIGHT group (respectively) 
the lighter cattle were able to increase final live BW and increase HCW to create a more 
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uniform group of cattle as a whole.  Again using an initial dressing percentage of 56.8 
(May et al., 1992), there was an increase in HCW gain of 4, 7, and 16 kg for the MID-
HEAVY, MID-LIGHT, and LIGHT cattle over the HEAVY group.  The 4-SORT cattle 
sorted into four sort groups allowed outlier cattle to be placed into the HEAVY and 
LIGHT group as illustrated by the increase in HCW standard deviation and the greater 
percentage of carcasses over 454 and 476 kg.  Strasia et al., (1988) reported on the 
diversity within a commercial pen for performance with heavier, higher gaining sorted 
steers having an extra 38 kg of HCW over the lighter, lower gaining sorted steers at equal 
days on feed.  Sorting in Exp. 2 allowed the heaviest cattle to be harvested earlier at their 
optimal market endpoint while the lightest cattle are allowed more time to reach an ideal 
harvest weight. 
Implications 
 
Cattle fed Zilmax exhibit greater HCW while not impactinh other characteristics 
greatly compared to non-Zilmax fed cattle.  Zilmax used in combination with sorting in 
the finishing period resulted in an increase in HCW without increasing HCW variation.  
Sorting 4 ways to identify heavy carcasses increased HCW while decreasing HCW 
variation.  Sorting allowed cattle to increase HCW yet the population was less variable, 
which in turn allows for a potential increase in profits by increasing total saleable weight 
while avoiding strict cutoffs for overweight discounts.  
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Table 1.  Composition and analyzed nutrient content (DM basis) of diets fed in 
Exp. 1 and Exp. 2 
 Basal Diet
1 
Item Exp. 1 Exp. 2 
Ingredient, %   
Dry-rolled corn 25.0 33.0 
High-moisture corn 25.0 8.0 
Sweet Bran
2
 40.0 20.0 
MDGS
3
 - 25.0 
Ground Corn Stalks 5.0 - 
Corn Silage - 6.0 
Ground Wheat Straw - 3.0 
Dry Supplement
4
   
Fine ground corn 2.77 2.71 
Limestone 1.70 1.76 
Salt 0.30 0.30 
Tallow 0.13 0.13 
Trace mineral premix
5
 0.05 0.05 
Rumensin-90
6
 0.02 0.02 
Tylan-40
7
 0.01 0.01 
Vitamin A-D-E
8
 0.02 0.02 
Analyzed Nutrient Composition
9
   
DM, % 66.6 63.2 
CP, % 14.3 17.4 
Ether Extract, % 3.6 6.1 
NDF, % 19.7 23.0 
Ca, % 0.77 0.77 
P, % 0.61 0.57 
1 
Exp. 1 and Exp. 2 were conducted at University of Nebraska-Lincoln Feedlot (ARDC, Mead, NE) 
in 2010 and 2012 (respectively). 
2
Sweet Bran = wet corn gluten feed (Cargill Inc., Blair, NE). 
3
MDGS = modified distillers grains plus solubles (56% DM)  
4
Supplement was formulated to be fed at 5% of diet DM.  The supplement fed for the 20 d Zilmax 
(Merck Animal Health., Desoto, KS) contained 8.33 mg of Zilmax/kg of DM with a food grade blue 
dye (Sensient, St. Louis, MO) at 0.003 % of diet DM.  Zilmax and blue dye replaced fine ground corn 
in formulation of supplement during the prescribed Zilmax feeding period.  
5
Premix contained 6.0% Zn, 5.0% Fe, 4.0% Mn, 2.0% Cu, 0.28% Mg, 0.2% I, and 0.05% Co. 
6
 Premix contained 200 g/kg monensin. 
7
 Premix contained 88 g/kg tylosin. 
8
Premix contained 29,974 IU vitamin A, 5,995 IU vitamin D, 7.5 IU vitamin E per gram 
9
Analyzed composition from Ward Laboratories, Kearney, NE. 
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Table 2.  Zilmax finishing ration assay results (Exp. 1 and 2)  
Sample Date
1
 Diet DM % Zilpaterol identified, g/ton (%)
2,3 
Exp. 1
 
  
10/27/10 64.21 8.93 (118%) 
11/3/10 66.58 6.57 (87%) 
11/10/10 68.69 6.97 (92%) 
11/17/10 67.16 8.22 (109%) 
11/24/10 67.34 8.53 (113%) 
12/1/10 66.61 8.20 (108%) 
12/8/10 67.04 6.87 (91%)  
12/15/10 67.26 7.34 (97%) 
12/22/10 65.49 7.97 (105%)  
Exp. 2
 
  
9/6/12 63.38 6.12 (81%) 
9/11/12 67.29 5.88 (78%) 
9/18/12 65.16 7.00 (93%) 
9/25/12 63.48 7.18 (95%) 
10/2/12 63.75 7.90 (105%) 
10/9/12 63.29 7.31 (97%) 
10/16/12 64.56 6.88 (91%) 
10/23/12 64.67 7.22 (96%) 
10/30/12 65.58 6.96 (92%) 
11/6/12 65.47 5.63 (75%) 
11/13/12 65.77 7.50 (99%) 
1
Equal sized samples of the zilpaterol finishing ration were collected from the 
beginning, middle, and end of the feed load and composited to form one sample.  
Samples were collected weekly and submitted to Merck Animal Health 
(Lawrence, Kansas) for assay.   
2
Zilpaterol levels are reported in g/ton on a 100% DM basis. 
3
Label claim (ie. expected level) is 7.56 g/ton on a 100% DM basis.  Acceptable 
tolerances (i.e. pass) are 75% - 115% of label claim. 
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Table 3.  Effects of sorting prior to feeding Zilpaterol hydrochloride on live animal performance for Exp. 1 
 Treatments
1 
 P-value 
  Zilmax Fed  Contrasts
2 
Item 
-CON +CON EARLY MIDDLE LATE SEM F-test 
-CON 
vs. 
+CON 
+CON 
vs. 
E,M,L 
-CON 
vs. 
E,M,L 
Pens, n 8 8 8 8 8      
Steers, n 200 200 200 200 200      
Average DOF, n
3 
165
 
165
 
173
 
173
 
173      
Initial BW, kg 351 348 353 352 351 4.3 0.51 0.36 0.11 0.63 
Final live BW, kg
4
 639
b 
647
b 
674
a 
666
a 
671
a 11.7 < 0.01 0.21 < 0.01 < 0.01 
DMI, kg/d 11.6 11.6 11.9 11.7 11.7 0.5 0.33 0.76 0.15 0.29 
ADG, kg 1.75
b 
1.81
a,b 
1.86
a 
1.82
a 
1.86
a 0.09 0.01 0.70 0.19 < 0.01 
G:F
 
0.151
b
 0.156
a
 0.157
a
 0.156
a
 0.159
a
 0.002 0.01 0.02 0.67 <0.01 
a,b,c 
Means within a row with different superscripts differ (P < 0.05).
 
1–CON = unsorted non-Zilmax (Merck Animal Health., Desoto, KS) negative control, +CON = unsorted Zilmax fed positive control, EARLY = the heaviest 20% 
were identified at d 0, MIDDLE = the heaviest 20% were identified 100 days from slaughter, and LATE = the heaviest 20% were identified 50 days from 
slaughter.  The heaviest 20% within the pen in the three sorted treatments were sorted and marketed 28 days early and not fed Zilmax while the remaining 
80% were fed Zilmax. 
2
The analysis included the following contrasts: -CON vs. +CON; -CON vs. EARLY, MIDDLE, and LATE; +CON vs. EARLY, MIDDLE, and LATE. 
3
 Average DOF= Average days on feed  
4
Average Dressing Percentage for Block 3 (3 replicates for treatments EARLY, MIDDLE, and LATE) was 64.2%.  Therefore, all Zilpaterol fed cattle were 
assigned a Dressing Percentage of 64.2%.  All cattle sold early as part of the heaviest 20% had a measured Dressing Percentage.  Based on Elam et al., 2009, 
a 1.36% reduction was applied to the Dressing Percentage for cattle not fed Zilpaterol, resulting in a Dressing Percentage of 62.8%.  Live performance 
values were calculated using Dressing % and Hot Carcass Weight to calculate Live Weight prior to slaughter. 
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Table 4.  Effects of sorting prior to feeding Zilpaterol hydrochloride on live animal performance for Exp. 2 
 Treatments
1 
 
  Zilmax Fed  
Item -CON +CON 1-SORT 4-SORT SEM P - value 
Pens, n 8 8 8 8   
Steers, n 200 200 200 800   
Average DOF, n
2
 154
 
154
 
157
 
159
 
  
Initial BW, kg 374 373 373 374 7.8 0.99 
Final live BW, kg
3
 671 677 682 682 8.2 0.11 
DMI, kg/d
4
 12.1
a 
12.0
a,b 
11.9
b 
11.8
b 
0.18 < 0.01 
ADG, kg 1.93 1.97 1.97 1.95 0.05 0.78 
G:F
 
0.159 0.164 0.166 0.165 0.003 0.33 
a,b,c 
Means within a row with different superscripts differ (P < 0.05). 
1
-CON = an unsorted non-Zilmax (Merck Animal Health., Desoto, KS) fed negative control, +CON = unsorted Zilmax fed positive control, 1-Sort = early 
weight sort fed Zilmax with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, with the remaining 
80% of the pen fed 7 d longer than the –CON and +CON, and 4-SORT = four-way sort 50 d from harvest fed Zilmax with steers sorted into a heavy, mid-heavy, 
mid-light, and light group, marketed -14 d, 0 d, +7 d, and +28 d from the –CON and +CON, respectively 
2
 Average DOF= Average days on feed  
3
Final BW was calculated using average pen weight before shipping shrunk 4%.  
4 
Due to sort DMI was calculated using the pen average from d 0 to sort and then sort to ship.   
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Table 5.  Effects of sorting prior to feeding Zilpaterol hydrochloride on animal health for Exp. 1 
 Treatments
1 
 P-value 
 
 Zilmax Fed  Contrasts
2 
Experiment 1 -CON +CON EARLY MIDDLE LATE SEM F-test 
-CON  
vs. 
+CON 
+CON 
vs. 
E,M,L 
-CON vs. 
E,M,L 
Steers, n
 
200 200 200 200 200      
Morbidity
3 
          
Pre-Zilmax phase, n
 
16 13 10 15 23 1.9 0.17 0.44 0.45 0.85 
Zilmax phase, n
 
0 0 1 0 0 0.1 1.00 1.00 0.99 0.99 
Removal
4 
          
Pre-Zilmax phase, n 1 0 0 0 0 0.1 1.00 0.99 1.00 0.98 
Zilmax phase, n 0 0 0 0 0 0.0 1.00 1.00 1.00 1.00 
Mortality
5 
          
Pre-Zilmax phase, n
 
1 0 1 2 2 0.5 0.96 0.97 0.97 0.68 
Zilmax phase, n
 
0 0 0 0 0 0.0 1.00 1.00 1.00 1.00 
1–CON = unsorted non-Zilmax (Merck Animal Health., Desoto, KS) negative control, +CON = unsorted Zilmax fed positive control, EARLY = the heaviest 20% were identified 
at d 0, MIDDLE = the heaviest 20% were identified 100 days from slaughter, and LATE = the heaviest 20% were identified 50 days from slaughter.  The heaviest 20% within 
the pen in the three sorted treatments were sorted and marketed 28 days early and not fed Zilmax while the remaining 80% were fed Zilmax. 
2
The analysis included the following contrasts: -CON vs. +CON; -CON vs. EARLY, MIDDLE; and LATE, +CON vs. EARLY, MIDDLE, and LATE.  Statistical values based 
on the proportions of the pen treated for sickness, removal, and mortality. 
3
 Morbidity Pre-Zilmax = any animals treated for sickness from d 0 to the start of Zilmax supplementation.  Zilmax phase = any animals treated for sickness during the last 23 d 
on feed.  –CON = pre-Zilmax treatments include footrots (n = 9), pinkeye (n = 7), and respiratory infection (n = 1), Zilmax phase treatments (n = 0); +CON = Pre-Zilmax 
treatments included footrot (n = 5), pinkeye (n = 3), respiratory infection, (n = 4), and shoulder injury (n = 1), Zilmax phase treatments (n = 0);  EARLY = pre-Zilmax 
treatments included footrot (n = 6), and pinkeye (n = 4), Zilmax phase treatment included coccidiosis (n = 1); MIDDLE = pre-Zilmax treatments included footrot (n = 6), 
pinkeye (n = 7), and respiratory infection (n = 2).  Zilmax phase treatments (n = 0); LATE = pre-Zilmax treatments included footrot (n = 9), pinkeye (n = 9), and respiratory 
infection (n = 5).  Zilmax phase treatments (n = 0). 
4 
One animal was removed from the –CON due to injury on d 65. No other animals were removed from the study. 
5
 Mortality Pre-Zilmax = any animals that died from d 0 to the start of Zilmax supplementation.  Zilmax phase = any animals that died during the last 23 d on feed.  –CON = pre-
Zilmax mortality included abdominal abcesses (n = 1), Zilmax phase mortality (n = 0); +CON = Pre-Zilmax mortality (n = 0), Zilmax phase mortality (n = 0); EARLY = pre-
Zilmax mortality included heat stress (n = 1), Zilmax phase mortality (n = 0); MIDDLE = Pre-Zilmax mortality included polioencephalomalacia (n = 1), and urinary tract 
infection (n = 1).  Zilmax phase mortality (n = 0); LATE = Pre-Zilmax mortality included euthanized due to injury  (n = 1), and a digestive bloat (n = 1).  Zilmax phase 
mortality (n = 0). 
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Table 6.  Effects of sorting prior to feeding Zilpaterol hydrochloride on animal health for Exp. 2 
 Treatments
1
   
  Zilmax Fed   
Experiment 2 -CON +CON 1-SORT 4-SORT SEM P-value 
Steers, n
3 200 200 200 800   
Morbidity
       
Pre-Zilmax phase, n
4 9 6 8 38 1.2 0.79 
Zilmax phase, n
5 
1 1 1 1 0.4 0.70 
Removal       
Pre-Zilmax phase, n
4
 0 0 1 4 0.2 0.99 
Zilmax phase, n
5
 0 0 1 0 0.1 1.00 
Mortality/Removal
       
Pre-Zilmax phase, n
4 1 1 1 4 0.4 1.00 
Zilmax phase, n
5
 1 0 0 2 0.2 0.96 
1
-CON = an unsorted non-Zilmax (Merck Animal Health., Desoto, KS) fed negative control, +CON = unsorted Zilmax fed positive control, 1-Sort = early weight sort fed 
Zilmax with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, with the remaining 80% of the pen fed 7 d 
longer than the –CON and +CON, and 4-SORT = four-way sort 50 d from harvest fed Zilmax with steers sorted into a heavy, mid-heavy, mid-light, and light group, 
marketed -14 d, 0 d, +7 d, and +28 d from the –CON and +CON, respectively. 
Statistical values based on the proportions of the pen treated for sickness, removal, and mortality. 
3
 Morbidity Pre-Zilmax = any animals treated for sickness from d 0 to the start of Zilmax supplementation.  Zilmax phase = any animals treated for sickness during the 
last 23 d on feed.  –CON = pre-Zilmax treatments include footrots (n = 3), pinkeye (n = 2), and respiratory infection (n = 4), Zilmax phase treatments included footrot 
(n = 1); +CON = Pre-Zilmax treatments included footrot (n = 4), and  respiratory infection, (n = 2), Zilmax phase treatments included footrot (n = 1);  1-SORT = pre-
Zilmax treatments included footrot (n = 3), pinkeye (n = 3), and respiratory infection (n = 2), Zilmax phase treatment included footrot (n = 1); 4-SORT = pre-Zilmax 
treatments included a shoulder abscess (n = 1), bloat (n = 1), diphtheria (n = 7) footrot (n = 19), pinkeye (n = 3), and respiratory infection (n = 7).  Zilmax phase 
treatments included a respiratory infection (n = 1). 
4 
No animals were removed from the –CON and +CON treatment.  1-SORT Pre-Zilmax removal included injury at sorting (n =1) and Zilmax phase removal included one 
animal injured at shipping due to handling (n = 1).  4-SORT Pre-Zilmax removal included a buller (n = 1), chronic footrot (n = 1), and injury at sorting (n = 2). Zilmax 
phase removals (n = 0). 
5
 Mortality Pre-Zilmax = any animals that died from d 0 to the start of Zilmax supplementation.  Zilmax phase = any animals that died during the last 23 d on feed.  –
CON = pre-Zilmax mortality included brisket disease (n = 1), Zilmax phase mortality included kidney infection (n = 1); +CON = Pre-Zilmax mortality included bloat 
(n = 1), Zilmax phase mortality (n = 0); 1-SORT = pre-Zilmax mortality included sepsis (n = 1), Zilmax phase mortality (n = 0); 4-SORT = Pre-Zilmax mortality 
included pneumonia (n = 1), peritonitis (n = 1), and severe autolysis (n = 1).  Zilmax phase mortality included bloat (n = 1). 
  
 
 8
1
   
Table 7.  Effects of sorting prior to feeding Zilpaterol hydrochloride on carcass characteristic for Exp. 1  
 Treatments
1 
 P - value 
  Zilmax Fed  Contrasts
2 
Item -CON +CON EARLY MIDDLE LATE SEM F-test 
-CON 
vs. 
+CON 
+CON 
vs. 
E,M,L 
-CON 
vs. 
E,M,L 
HCW, kg 402
c 
415
b 
430
a 
427
a 
426
a 
7.6 < 0.01 < 0.01 < 0.01 < 0.01 
     HCW C.V.
3
 7.6
b 
9.1
a 
6.7
b,c 
6.2
c 
6.3
c 
0.8 < 0.01 0.03 < 0.01 0.03 
      HCW Std. Dev, kg 30.3
b 
37.6
a 
28.6
b 
26.6
b 
26.6
b 
2.8 < 0.01 0.01 < 0.01 0.17 
HCW Over 454  kg, % 4.89
b 
12.43
a,b 
17.20
a 
15.16
a 
14.03
a 
6.29 0.01 0.01 0.32 < 0.01 
HCW Over 476 kg, % 0.48 4.83 4.85 2.41 3.87 2.50 0.16 0.03 0.43 0.06 
12
th
 Rib Fat, cm 1.50
 
1.38
 
1.46
 
1.48
 
1.49
 
0.01 0.10 0.02 0.02 0.54 
LM Area, cm
2 
90.39
b 
97.67
a 
97.64
a 
97.35
a 
96.54
a 
0.78 < 0.01 < 0.01 0.57 < 0.01 
Calculated Yield Grade
4
 3.67
a 
3.00
c 
3.20
b 
3.20
b 
3.25
b 
0.11 < 0.01 < 0.01 < 0.01 0.02 
Marbling Score
5
  468
a 
445
b 
475
a 
466
a 
470
a 
5.4 < 0.01 < 0.01 < 0.01 0.70 
a,b,c 
Means within a row with different superscripts differ (P < 0.05).
 
1–CON = unsorted non-Zilmax (Merck Animal Health., Desoto, KS) negative control, +CON = unsorted Zilmax fed positive control, EARLY = the heaviest 20% 
were identified at d 0, MIDDLE = the heaviest 20% were identified 100 days from slaughter, and LATE = the heaviest 20% were identified 50 days from 
slaughter.  The heaviest 20% within the pen in the three sorted treatments were sorted and marketed 28 days early and not fed Zilmax while the remaining 
80% were fed Zilmax. 
2
The analysis included the following contrasts: -CON vs. +CON; -CON vs. EARLY, MIDDLE, and LATE; +CON vs. EARLY, MIDDLE, and LATE. 
3
HCW is hot carcass weight, C.V. is coefficient of variation and is calculated by dividing the Standard Deviation by the Mean and is expressed as a percentage. 
4
Yield grade was calculated using the yield grade equation (USDA, 1997) where yield grade = 2.50 + (6.35 x 12th rib fat depth, cm) – (2.06 x LM area, cm2) + 
(0.2 x KPH, %) + (0.0017 x HCW, kg). 
5
Marbling Score 500=Modest, 400= Small, 300= Slight.   
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Table 8.  Effects of sorting prior to feeding Zilpaterol hydrochloride on carcass characteristic for Exp. 2 
 Treatments
1 
 
 Zilmax Fed  
Item  -CON +CON 1-SORT 4-SORT SEM P - value 
HCW, kg    415
c
   430
b
   433
a
    434
a
 5.0 < 0.01 
      HCW C.V.
2
     7.0
a
    6.7
a
     6.2
a
    4.1
b
  - < 0.01 
      HCW Std. Dev, kg   29.0
a
  28.9
a
  26.5
a
   17.9
b
  - < 0.01 
HCW Over 454  kg, %      9.79
a
      17.61
b,c
    22.34
c
      13.64
a,b
    5.70 < 0.01 
HCW Over 476 kg, %        1.97
a,b
      4.42
a
        1.99
a,b
      1.38
b
    2.68   0.05 
Dressing Percent  61.8
a
  63.5
b
  63.5
b
  63.6
b
  0.2 < 0.01 
12
th
 Rib Fat, cm 1.60 1.52 1.52 1.50    0.05   0.10 
LM Area, cm.
2 
 87.1
a
 94.8
b
   95.5
b,c
      96.1
c
  1.29 < 0.01 
Calculated Yield Grade
3
    3.6
a
    3.3
b
    3.2
b
    3.2
b
  0.1 < 0.01 
Marbling Score
4
  515 494 491 487      15.5   0.06 
a,b,c 
Means within a row with different superscripts differ (P < 0.05). 
1
-CON = an unsorted non-Zilmax (Merck Animal Health., Desoto, KS) fed negative control, +CON = unsorted Zilmax fed positive control, 1-Sort = early weight 
sort fed Zilmax with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, with the remaining 80% 
of the pen fed 7 d longer than the –CON and +CON, and 4-SORT = four-way sort 50 d from harvest fed Zilmax with steers sorted into a heavy, mid-heavy, 
mid-light, and light group, marketed -14 d, 0 d, +7 d, and +28 d from the –CON and +CON, respectively 
2
HCW is hot carcass weight, C.V. is coefficient of variation and is calculated by dividing the Standard Deviation by the Mean and is expressed as a percentage. 
3
Yield grade was calculated using the yield grade equation (USDA, 1997) where yield grade = 2.50 + (6.35 x 12th rib fat depth, cm) – (2.06 x LM area, cm2) + 
(0.2 x KPH, %) + (0.0017 x HCW, kg). 
4
Marbling Score 500=Modest, 400= Small, 300= Slight. 
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Table 9.  Effects of sorting prior to feeding Zilpaterol hydrochloride on USDA yield and quality grade of finishing beef steers  
for Exp. 1   
 Treatment
1 
 P - value 
  Zilmax Fed   Contrasts2 
Item
 -CON +CON EARLY MIDDLE LATE SEM F-test 
-CON vs. 
+CON 
+CON 
vs. 
E,M,L 
-CON vs. 
E,M,L 
USDA Yield Grade
3           
1 4.01 6.62 8.50 6.65 3.98 3.36 0.22 0.23 0.78 0.25 
2 25.84b
 
42.56
a 
26.10
b 
26.12
b 
32.12
b 5.21 < 0.01 < 0.01 < 0.01 0.55 
3 52.53
 
40.52
 
50.44
 
54.00
 
50.45
 
4.86 0.08 0.02 0.01 0.83 
4 & 5 17.11
 
9.20 13.86
 
12.33 12.82 3.25 0.24 0.03 0.17 0.16 
USDA Quality Grade
3           
Prime 3.02 0.50 3.05 1.52 1.51 1.24 0.35 0.10 0.21 0.37 
Choice + 6.06 3.03 8.16 8.12 6.57 1.96 0.56 0.39 0.27 0.60 
Choice ο 25.53 18.44 24.28 22.62 26.09 3.61 0.45 0.23 0.10 0.83 
Choice - 46.97 51.01 43.88 47.21 48.48 3.56 0.76 0.57 0.47 0.93 
Select & below 20.52 26.54 20.23 20.12 17.51 3.45 0.25 0.17 0.04 0.70 
a,b 
Means within a row with different superscripts differ (P < 0.05). 
1
–CON = unsorted non-Zilmax (Merck Animal Health., Desoto, KS) negative control, +CON = unsorted Zilmax fed positive control, EARLY = the heaviest 20% 
were identified at d 0, MIDDLE = the heaviest 20% were identified 100 days from slaughter, and LATE = the heaviest 20% were identified 50 days from 
slaughter.  The heaviest 20% within the pen in the three sorted treatments were sorted and marketed 28 days early and not fed Zilmax while the remaining 
80% were fed Zilmax. 
2
The analysis included the following contrasts: -CON vs. +CON; -CON vs. EARLY, MIDDLE; and LATE, +CON vs. EARLY, MIDDLE, and LATE. 
3
The Yield Grade and Quality Grade values represent the proportion of carcasses within each group that received each yield grade or quality grade.  All numbers 
are expressed as percentages. 
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Table 10.  Effects of sorting prior to feeding Zilpaterol hydrochloride on USDA yield and quality grade of finishing 
beef steers (Exp. 2) 
 Treatments
1 
 
  Zilmax Fed  
Item
 
-CON +CON 1-SORT 4-SORT SEM P - value 
USDA Yield Grade
2 
      
1    0.43
a
       2.17
a,b
      5.37
b
    4.20
b
 1.42   0.05 
2  15.08
a 
   30.73
b 
   31.64
b 
 31.96
b 
5.02 < 0.01 
3 58.22  54.77   50.11 49.52 5.28   0.13 
4  22.58
a
    10.94
b
     11.03
b 
 12.94
b 
2.59 < 0.01 
5    2.66
a 
      0.44
a,b 
       0.44
a,b 
   0.11
b 
0.67   0.01 
USDA Quality Grade
2,3 
      
Prime   4.19
 
   2.75
 
    2.31
 
  3.12
 
1.40   0.71 
High Choice  50.08
a 
    40.92
a,b
      41.34
a,b
  37.30
b
 5.65   0.02 
Low Choice 38.22  41.15   44.11 40.86 4.23   0.69 
Select & below    6.71
a
     14.06
b,c
      11.23
a,b 
 17.32
c 
3.08 < 0.01 
a,b,c 
Means within a row with different superscripts differ (P < 0.05).
 
1
-CON = an unsorted non-Zilmax (Merck Animal Health., Desoto, KS) fed negative control, +CON = unsorted Zilmax fed positive control, 1-Sort = 
early weight sort fed Zilmax with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, 
with the remaining 80% of the pen fed 7 d longer than the –CON and +CON, and 4-SORT = four-way sort 50 d from harvest fed Zilmax with 
steers sorted into a heavy, mid-heavy, mid-light, and light group, marketed -14 d, 0 d, +7 d, and +28 d from the –CON and +CON, respectively 
2
The Yield Grade and Quality Grade values represent the proportion of carcasses within each group that received each yield grade or quality grade.  
All numbers are expressed as percentages.  
3
High Choice = upper 2/3 portion of the choice quality grade, and Low Choice = lower 1/3 portion of the choice quality grade. 
  
 
 8
5
 
  
Table 11.  Effects of sorting prior to feeding Zilpaterol hydrochloride on animal and carcass performance within sorted 
treatment (Exp. 1) 
 Treatments
1 
 EARLY Group  MIDDLE Group
 
 LATE Group 
Item
 
HEAVY LIGHT  HEAVY LIGHT  HEAVY LIGHT 
Number of Steers  40 160  40 160  40 160 
DOF Total, d
 152 180  152 180  152 180 
Initial BW, kg 372 347  369 347  367 346 
HCW, kg 422 429  427 425  424 424 
HCW Std. Dev, kg 25.0 33.2  21.6 29.7  23.5 31.2 
HCW Over 454  kg, % 10.00 18.87  10.00 16.46  5.00 16.35 
HCW Over 476 kg, % 0.00 6.29  0.00 3.16  0.00 0.00 
12
th
 Rib Fat, cm 1.55 1.43  1.53 1.46  1.45 1.50 
LM Area, cm
2 
89.9 99.7  92.9 98.5  89.0 98.5 
Calculated Yield Grade 3.6 3.1  3.5 3.1  3.6 3.1 
Marbling Score
2
 494 470  483 461  470 469 
a,b,c 
Means within a row with different superscripts differ (P < 0.05).
 
1
 EARLY = the heaviest 20% were identified at d 0, MIDDLE = the heaviest 20% were identified 100 days from slaughter, and LATE = the heaviest 20% were 
identified 50 days from slaughter.  The heaviest 20% within the pen in the three sorted treatments were sorted and marketed 28 days early and not fed Zilmax 
(Merck Animal Health., Desoto, KS) while the remaining 80% were fed Zilmax. 
2
Marbling Score 500=Modest, 400= Small, 300= Slight. 
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Table 12.  Effects of sorting prior to feeding Zilpaterol hydrochloride on animal and carcass performance within sorted 
treatment (Exp. 2) 
 1-SORT Group
1 
 4-SORT Group
2 
Item
 
HEAVY LIGHT  HEAVY MID-HEAVY MID-LIGHT LIGHT 
Number of Steers  40 160  200 200 200 200 
DOF Total, d
 140 161      140     154     161      182 
DOF Sort to harvest, d 30 51        30       44       51        72 
Initial BW, kg 414 363      402 381 364 348 
HCW, kg 446 430  443 435 430 429 
HCW Std. Dev, kg 20.5 26.6  17.9 14.8 13.3 25.7 
HCW Over 454  kg, % 42.5 18.4  28.1
 
        9.5
 
     4.0
 
      15.3
 
HCW Over 476 kg, % 2.5 2.5    5.6
 
      0.0
 
     0.0
 
        1.0
 
Dressing Percent 63.3 63.5   63.3
 
    63.6
 
   63.6
 
      64.1
 
12
th
 Rib Fat, cm 1.45 1.52  1.40 1.52 1.52 1.57 
LM Area, cm
2 
96.5 96.1  97.3 95.4 96.8 95.0 
Calculated Yield Grade 3.2 3.2     3.1       3.3       3.2          3.3 
Marbling Score
3
  483 493       460
 
       481
 
       493
 
513
 
a,b,c 
Means within a row with different superscripts differ (P < 0.05).
 
1
1-Sort = early weight sort fed Zilmax with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d prior to –CON and +CON, with the 
remaining 80% of the pen fed 7 d longer than the –CON and +CON. 
2
4-SORT = four-way sort 50 d from harvest fed Zilmax with steers sorted into a heavy, mid-heavy, mid-light, and light group, marketed -14 d, 0 d, +7 d, and +28 
d from the –CON and +CON, respectively. 
3
Marbling Score 500=Modest, 400= Small, 300= Slight. 
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CHAPTER III.  Impact of increasing initial implant dosage on feedlot 
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Abstract 
 
Three experiments evaluated the effect of different aggressive implant strategies 
on feedlot performance and carcass traits of crossbred heifers and steers.  In Exp. 3, 
heifers (n = 1,405; initial BW = 282) were fed for an average of 173d.  Treatments were 
1) Revalor-IH (80 mg of trenbolone acetate (TBA) + 8 mg of estradiol (E2) followed by 
Revalor 200 (200 mg of TBA + 20 mg of E2; REV-IH/200); 2) Revalor-H (140 mg of 
TBA + 14 mg of E2) followed by Revalor 200 (REV-H/200); or 3) Revalor 200 followed 
by Revalor 200 (REV-200/200).  Live and carcass adjusted BW, DMI, ADG and G:F 
were not different (P ≥ 0.14) among the three implant strategies.  Dressing percent, HCW 
and LM area did not differ (P ≥ 0.16) among strategies.  Percent USDA Choice was 
greater (P <0.01) and percentage USDA Select was less (P <0.01) for Rev-IH/200 
compared to Rev-H/200 and Rev-200/200.  Exp. 4, steers (n = 1,858; initial BW = 250) 
were fed for an average of 215 d.  Treatments were 1) Revalor-IS (80 mg TBA and 16 
mg E2; Merck Animal Health) reimplanted with Revalor-200 (Rev-IS/200), 2) Revalor-
XS (200 mg TBA and 40 mg E2) followed by Revalor-IS (Rev-XS/IS), 3) Revalor-XS 
followed by Revalor-S (120 mg TBA and 24 mg E2; Rev-XS/S), 4) Revalor-XS followed 
by Revalor-200 (Rev-XS/200).  Implanting strategies were not different (P ≥ 0.32) for 
DMI and G:F.  Dressing percent, HCW, 12
th
 rib fat, and marbling score were not 
different (P ≥ 0.18) among treatments.  Steers implanted with Rev-XS/200 had the 
greatest (P < 0.01) LM area.  Quality grade distribution was not different (P ≥ 0.20).  In 
Exp. 5, steers (n = 1,408; initial BW = 305) were fed for an average of 195 d and 
received either Rev-IS/200; 2) Rev-200/200; or 3) Rev-XS/200.  Final BW, ADG, and 
G:F did not differ (P ≥ 0.36) among the three implant strategies.  There were no 
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differences (P ≥ 0.15) in HCW or marbling score.  Rev-XS/200 had greater (P < 0.01) 
LM area, decreased (P ≤ 0.05) 12th rib fat, and yield grade compared to Rev-200/200 and 
RevIS/200.  Rev-200/200 and Rev-XS/200 had an increase (P = 0.03) in the percentage 
of carcasses that graded USDA Select compared to Rev-IS/200.  The utilization of more 
aggressive implant strategies may not be beneficial for ADG and G:F during the finishing 
phase in steers and heifers, but appear to negatively impact carcass quality in heifers and 
steers. 
Introduction 
 
Growth-promoting implants provide considerable improvements in production 
efficiencies to the beef cattle industry (Folmer et al., 2009; Nichols et al., 2014).  A 
majority of implants only last 60 to 120 d, depending on the dose, before they are no 
longer effective.  However, many cattle can require more than 120 days to reach harvest 
weight, re-implanting is important management strategy to improve animal efficiency 
(Preston, 1999).  The use of  two consecutive combination implants containing 
trenbolone acetate (TBA) and estradiol-17β (E2) resulted in a 20.0% increase in ADG 
and a 13.5% improvement in BW gain efficiency compared to non-implanted cattle 
(Duckett and Pratt, 2014).  Implanting strategies utilize different combinations of 
implants based on age, weight, sex, production goals, and estimated days on feed that 
target efficiency and lean meat yield and carcass quality (Mader, 1997; Reinhardt, 2007; 
Johnson et al., 2013).  With demand for increased efficiency and lean meat yield, 
increased usage of higher dose implants have been employed; however, data are limited 
on the use of these implant combinations in long fed calves over 170 d.  Therefore, the 
objectives of these experiments were to compare feedlot and carcass performance of 
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heifers and steers receiving different aggressive implant strategies in commercial 
feedlots.  
 
Material and Methods 
 
The following experiments were conducted in collaborations between Merck Animal 
Health (De Soto, KS), Cattlemen’s Nutrition Service, LLC. (Lincoln, NE), Bos Terra LP. 
(Hobson, MT), Innovative Livestock Services Inc. (Great Bend, KS) and the University 
of Nebraska-Lincoln.  Research was conducted at commercial facilities and followed the 
guidelines stated in the Guide for the Care and Use of Agricultural Animals in 
Agricultural Research and Teaching (FASS, 2010). 
Exp. 3 
Animals and Treatments.  British and British × Continental heifer calves (n = 1,405; 
282 ± 3 kg initial BW) were fed at a commercial feedyard in central Nebraska from May 
2011 to November 2011 (Days on feed across blocks averaged 173 d).  Heifers were 
sourced from several sale barns located in Oklahoma.  Treatments were 1) Revalor-IH 
(80 mg of trenbolone acetate (TBA) + 8 mg of estradiol (E2); Merck Animal Health) at 
initial processing followed 89 d later by Revalor 200 (200 mg of TBA + 20 mg of E2; 
Merck Animal Health; REV-IH/200); 2) Revalor-H (140 mg of TBA + 14 mg of E2; 
Merck Animal Health) at initial processing followed 89 d later by Revalor 200 (REV-
H/200); or 3) Revalor 200 at initial processing followed 89 d later by Revalor 200 (REV-
200/200). 
Heifers were allotted randomly to pen by arrival block (n = 6) prior to initial 
processing.  Heifers were sorted by gate sorting every 2 heifers into 1 of 3 pens prior to 
processing.  Implant treatments were assigned randomly to pen (n = 18) within a block.  
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After heifers were sorted into their respective pens, each pen was group weighed on a 
platform scale before processing to establish pen initial BW.  At processing, heifers 
received an infectious bovine rhinotracheitis (IBR) virus, parainfluenza-3 (PI3) virus 
combination vaccine (Bovi-Shield Gold, Zoetis Inc., Florham Park, NJ), treated for 
internal parasites with an oral dose of Safe-Guard
 
(Merck Animal Health), external 
parasites with an injection of Cydectin (Boehringer Ingelheim/Vetmedica St. Joseph, 
MO), and implanted as specified by treatment assignment.  At reimplant (d 90), all pens 
within a block were brought to the processing facility and reimplanted with Revalor 200 
and pen weighed.   
Cattle were housed in 18 open lots with earthen mounds and had ad libitum access to 
clean water and their respective diets.  Cattle were started on a 56% concentrate, 44% 
roughage diet and transitioned to a finishing diet over 26 d using two intermediate diets.  
The finishing diet consisted of 49.1 % dry-rolled corn, 40% wet distillers grains plus 
solubles, 6.5 % mixed hay, and 4.4% supplement (DM basis).  The supplement was 
formulated to provide 300 mg/heifer daily of monensin (Rumensin; Elanco Animal 
Health, Indianapolis, IN), 90 mg/heifer daily of tylosin (Tylan; Elanco Animal Health), 
and 0.45 mg/heifer daily of melengestrol acetate (Heifermax; Elanco Animal Health).  
All heifers were fed zilpaterol hydrochloride at 8.33 mg/kg DM (Zilmax; Merck Animal 
Health) for 20 d followed by a 3 d withdrawal.  Heifers were fed twice daily at 
approximately 0700 h and 1300 h in concrete fence-line feedbunks, and feedbunks were 
visually evaluated each morning and were managed to allow trace amounts of feed to 
remain in the bunk before feed delivery.  Diet samples were obtained monthly from 
feedbunks and composited for nutrient analysis (Servi-Tech Laboratories; Hastings, NE).   
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Carcass Evaluation.  Prior to shipping for harvest, heifers from each pen were group 
weighed on platform scales and shrunk 4% to calculate dressing percent and final live 
BW.  After weighing, heifers were immediately loaded on trucks and transported 201 km 
to JBS (Grand Island, NE).  Carcass data were collected by personnel from West Texas 
A&M University (Canyon, TX).  Individual HCW, 12
th
 rib fat thickness, LM area, 
dressing percent, KPH, marbling scores, percent USDA quality grade, and percent USDA 
yield grade were collected for each pen.  Yield grade was calculated using the yield grade 
equation, (Boggs and Merkel, 1993) where yield grade = 2.50 + (6.35 x 12th rib fat 
depth, cm) – (2.06 x LM area, cm2) + (0.2 x KPH, %) + (0.0017 x HCW, kg). 
Deads-In and Deads-Out Calculations and Statistical Analysis.  Deads-in 
calculations were made for initial weight by taking the initial pen average (no shrink) 
divided by the total number of cattle at the start of the trial.  Final live BW was calculated 
using the total weight of pen at shipping (shrunk 4%) plus the weight of cattle sold early 
due to chronic sickness or injury, divided by the number of animals that started the trial.  
Deads-in ADG was calculated from the total kg gained (total final weight plus weight of 
cattle sold early minus total initial weight) divided by total number of animal days.  Total 
DMI was calculated using the ratio of feed delivered to the pen and by total number of 
animal days.  Gain to feed ratio was calculated using the Deads-in ADG divided by DMI.  
Deads-out initial weight was calculated the same as Deads-in, final live BW was 
calculated using the total weight of cattle at shipping (shrunk 4%) divided by the total 
number of cattle shipped excluding deads and cattle sold early.  Deads-out ADG was 
determined by dividing the total weight gain (average final weight – average starting 
weight) by days on feed.  Deads-out DMI was the same as deads-in and G:F was 
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calculated using deads-out ADG divided by DMI.  Deads-out carcass-adjusted final BW 
was calculated as average HCW divided by the average dressing percent of 65.85% 
across all animals.  Carcass-adjusted ADG and G:F were calculated using the same 
calculations as Deads-out ADG and G:F.   
Live performance and carcass data were analyzed as a randomized complete block 
design using the Glimmix procedure of SAS (9.2, SAS Institute, Cary, NC).  Pen was the 
experimental unit and the model included the fixed effect of treatment, with block as a 
random effect.  Treatment averages were calculated using the LSMEANS option of SAS.  
Frequency data were analyzed using the Glimmix procedure of SAS.  The model 
specified a logistic link function for the binary response, with the number of animals 
slaughtered identified in the denominator.  The least square means and SE of the 
proportions for the frequency data were determined using the ILINK option.  Treatment 
differences were significant at an alpha value equal to or less than 0.05.  
Exp. 4 
Animals and Treatments.  Crossbred steer calves (n = 1,858; initial BW 250 ± 19 
kg) were sourced from auction markets or ranch direct between October 11 and 
November 11, 2011 and fed at a commercial feed yard in central Montana (days on feed 
ranged from 196 to 238; average = 215 ).  Treatments were 1) Revalor-IS (80 mg TBA 
and 16 mg E2; Merck Animal Health) implant at initial processing followed by Revalor-
200 implant 120 days later (Rev-IS/200), 2) Revalor-XS (200 mg TBA and 40 mg E2; 
Merck Animal Health) implant at initial processing followed by Revalor-IS implant 140 
days later (Rev-XS/IS), 3) Revalor-XS implant at initial processing followed by Revalor-
S (120 mg TBA and 24 mg E2; Merck Animal Health) implant 140 days later (Rev-
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XS/S),  and 4) Revalor-XS implant at initial processing followed by Revalor-200 implant 
140 days later (Rev-XS/200). 
Upon arrival steers were blocked (n = 2) by BW, into heavy (> 272 kg) or light (< 
272 kg) blocks.  Once a replication was full (approximately 200 steers) cattle were 
assigned randomly at processing to treatment and pen (n = 32 pens; 49 to 86 steers/pen) 
resulting in 8 replications/treatment with five replications in the heavy block and three 
replications in the light block.  At processing, steers were individually weighed, given an 
individual electronic and  visual feedlot identification tag, vaccinated for bovine 
respiratory disease (BRD), infectious bovine keratoconjunctivitis (Draxxin, Zoetis), IBR 
virus, bovine viral diarrhea (BVD) virus (types I and II), PI3 virus, bovine respiratory 
syncytial virus (BRSV), Mannheimia haemolytica and Pasteurella multocida (Vista 
Once, Merck Animal Health), Clostridium chauvoei, septicum, novyi, sordellii, 
perfringens types C&D (Enterotoxemia), and Haemophilus somnus. (Vision 7 Somnus, 
Merck Animal Health),  treated for internal parasites with an oral dose of Safe-Guard
 
(Merck Animal Health), treated for internal and external parasites with an injection of 
Ivomec (Merial; Duluth, GA) and implanted as specified by treatment assignment.  At 
reimplant, steers were given a terminal implant based on treatment protocol and also 
received a Vista 5 (Merck Animal Health) vaccine and an injection of Ivomec.  Within 
replication, steers in Rev-IS/200 pens were reimplanted at 120 DOF while Rev-XS/IS, 
Rev-XS/S, and RevXS/200 pens were reimplanted at 140 DOF.   
Following initial processing, steers were group weighed by pen on a platform scale 
to establish pen initial BW to be used in performance calculations.  Steers were housed in 
open lot feedlot pens and had ad libitum access to feed and water.  Cattle were adapted to 
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a common finishing diet over a 21-d period and cattle were fed once daily.  The finishing 
diet contained 61.24% wheat or barley, 20 % corn dry distillers grains plus solubles, 
7.5% mixed wheat and barley silage, 7.5% alfalfa hay, and 3.76% supplement (DM 
basis).  Diets were common across all pens over the feeding period, and any grain source 
changes were made to all treatments.  The supplement was formulated to provide 
Rumensin (Elanco Animal Health) at 25 mg/kg and Tylan 40 (Elanco Animal Health) at 
11 mg/kg on a dry matter basis.  Steers were fed Zilmax (Merck Animal Health) at 8.33 
mg/kg of DM for 20 d followed by a 3 d withdrawal.  Diet samples were obtained 
monthly from feedbunks and composited for nutrient analysis (Dairy One Labs; Ithaca, 
NY).    
Carcass Evaluation.  Harvest date was determined based on reimplant weight.  
Steers were weighed by pen on platform scales and shrunk 4% prior to shipping to 
determine final shrunk BW.  After weighing, steers were immediately loaded on trucks 
and transported approximately 1,036 km to JBS (Greeley, CO) for harvest.  Carcass 
measurements were reported by the abattoir.  Individual carcass measurements taken 
were collected using the products described in Exp.1.   
Deads-In and Deads-Out Calculations and Statistical Analysis.  Deads-in and 
deads-out calculations were previously described in Exp.1.  Carcass-adjusted final BW 
was calculated as HCW divided by the average dressing percent of 61.0% across all 
steers.   
Live performance and carcass data were analyzed as a randomized block design 
using the Glimmix procedure of SAS and pen served as the experimental unit.  The 
model included replication as a random effect with experimental treatment and weight 
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block as fixed effects.  Statistical significance of outcomes was determined based on an 
alpha level less than or equal to 0.05.  Treatment averages were calculated using the 
LSMEANS option of SAS.  Frequency data were analyzed as described in Exp. 1 
Exp. 5 
Animals and Treatments.  A commercial feedlot experiment was conducted at a 
commercial feedlot in central Nebraska from February 2 to October 15, 2013 (days on 
feed ranged from 181 to 209; average = 195 d).  Cross bred steers (n = 1,408; initial BW 
= 305 ± 10 kg) from ranches and auction barns in Nebraska, Nevada, and Utah were 
utilized for this trial.  Treatments were: 1) Revalor IS given on d 1 followed by Revalor 
200 on d 115 (Rev-IS/200); 2) Revalor 200 given on d 1 followed by Revalor 200 on d 
115 (Rev-200/200); and 3) Revalor XS given on d 1 followed by Revalor 200 on d 115 
(Rev-XS/200).   
Steers were blocked (n = 3) by arrival date and projected harvest date.  Prior to 
processing, steers were allocated to pens by sorting every 2 steers into 1 of 3 sort pens.  
Sort pens were assigned randomly to 1 of 3 treatments and home pen (n = 18; 68 to 95 
steers/pen).   
During initial processing, cattle were individually weighed, vaccinated with Vista 3 
SQ (Merck Animal Health), treated for internal parasites with an oral dose of Safe-Guard
 
(Merck Animal Health), external parasites with an injection of Cydectin (Boehringer 
Ingelheim/Vetmedica), and two visual identification tags.  Following initial processing, 
steers were group weighed by pen on a platform scale to establish pen initial BW to be 
used in performance calculations.  At reimplant, all cattle within a replication were 
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brought to the processing facility based on a random assignment of processing order and 
reimplanted with Revalor 200.   
  Steers were adapted to a common finishing diet over a 23 d step-up period 
consisting of 3 adaptation diets.  The finishing diets were the same for each treatment but 
varied across time but weighted averages were 49.9% dry rolled corn (range 41.1-54.6%), 
19.2% ADM-Synergy (range 0-28%), 19.6% WDGS (range 12-35%), 5% liquid 
supplement (range 4.1-5.2%), 3.9% mixed hay (range 3.5-4.0%), and 2.4% corn silage 
(range 0-3%).  The supplement was formulated to provide 360 mg/steer daily of 
Rumensin (Elanco Animal Health) and 90 mg/steer daily of Tylan (Elanco Animal 
Health).  At the end of the feeding period, three replications were fed Zilmax (Merck 
Animal Health) at 8.33 mg/kg DM for 20 days followed by a three-day withdrawal prior 
to harvest and three replications were fed Optaflexx (Elanco Animal Health) at 300 
mg/steer daily for the last 28 d of the feeding period.  Feeding of beta-agonist was equal 
across treatments within a replication as all cattle were fed either Zilmax or Optaflexx.  
Diet samples were obtained monthly from the feedbunks and composited for nutrient 
analysis (Servi-Tech Laboratories; Hastings, NE).    
Carcass Evaluation.  Steers were weighed by pen on platform scales and shrunk 4% 
prior to shipping to determine final shrunk BW.  After weighing, cattle were immediately 
loaded on trucks and transported approximately 189 km to JBS (Grand Island, NE) for 
harvest.  Carcass data were collected by personnel from West Texas A&M University 
(Canyon, TX).  Individual carcass measurements were the same as described in Exp. 1.   
Deads-In and Deads-Out Calculations and Statistical Analysis.  Deads-in 
calculations were previously described in Exp.1.  Deads-out initial BW was calculated by 
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subtracting individual removed or dead steers weight of the initial pen weight total 
divided by the number of animals harvested.  Final live BW was calculated from the total 
pen weight at shipping (shrunk 4%) divided by the total number of animals harvested.  
Deads-out live ADG was calculated by dividing total weight gain by total days on feed.  
Deads-out DMI was calculated from the total amount of feed delivered to the pen during 
the feeding period divided by the total number of animal days.  Deads-out G:F was 
determined by dividing ADG by DMI.  Carcass-adjusted final BW was calculated as 
HCW divided by the dressing percent of 64.5% across all animals.   
The statistical model included replication within block as a random effect with 
experimental treatment as a fixed effect.  Statistical significance of outcomes was 
determined based on an alpha level less than or equal to 0.05.  Treatment averages were 
calculated using the LSMEANS option of SAS.  Frequency data were analyzed as 
described in Exp. 1 
Results and Discussion 
 
Exp. 3 - Performance 
Deads-out live- and carcass-adjusted BW, DMI, and ADG were not different (P ≥ 0.14) 
between the three implant strategies (Table 13).  Carcass-adjusted G:F was not different 
(P = 0.94) and was 0.171 across all three implant treatments.  Similarly, there were no 
differences (P ≥ 0.27) in deads-in ADG, and G:F.  Folmer et al. (2009) reported that 
when comparing similar initial implant dosages, there were no differences in DMI, live-, 
and carcass-adjusted final BW.  There were differences in live- and carcass-adjusted G:F 
in heifers fed for 177 d (Folmer et al., 2009).  Guiroy et al. (2002) reported no differences 
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in ADG and G:F for heifers implanted with either Rev-IH or Rev-H as an initial implant 
and Rev-H as a common terminal implant and fed for 189 d.   
Carcass characteristics were not different (P ≥ 0.16) among the three strategies for 
HCW and LM area.  The Rev-H/200 implant combination did have a numerically lower 
(P ≥ 0.08) dressing percentage and 12th rib fat thickness, which could have contributed to 
a lower (P = 0.06) calculated yield grade compared to Rev-IH/200 and Rev-200/200.  
Similar to this study, Schneider et al. (2007) reported no differences in 12
th
 rib fat 
thickness, HCW, LM area, and yield grade between carcasses of heifers that received 
similar implant protocols.  Heifers that received Rev-IH/200 had significantly greater (P 
= 0.01) marbling scores compared to the Rev-H/200 and Rev-200/200 treatment.  Quality 
grade distribution reflected this difference in marbling score with the Rev-IH/200 
treatment having a greater percentage (P < 0.01) of carcasses that graded Choice and a 
lower percentage (P < 0.01) of carcasses that graded Select compared to the Rev-H/200 
and Rev-200/200 treatments.  Additionally, the Rev-IH/200 and Rev-H/200 treatments 
had a lower percentage (P = 0.01) of carcasses that graded ≤ Standard compared to the 
Rev-200/200 treatment.  Schneider et al. (2007) and Folmer et al. (2009) reported no 
differences in marbling score; additionally, Folmer et al. (2009) reported no difference in 
the total number of carcasses grading choice but a greater percentage of carcasses graded 
in the upper two-thirds of choice when a milder Rev-IH/200 implant protocol was used.  
The percentage of yield grade 1 carcasses was greater (P = 0.05) for Rev-H/200 and Rev-
200/200 than for Rev-IH/200.  The percentage of yield grade 3 carcasses was greater (P < 
0.01) for Rev-IH/200 and Rev-H/200 compared to Rev-200/200.  In contrast to the 
current study, Folmer et al. (2007) reported no differences in the yield grade distribution.  
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Increasing the dosage of initial implant seems to have little effect on animal gains and 
feed efficiency; however, the increased dosage could have negative impacts on carcass 
fatness as evidenced by decreased yield and quality grade.  Hutcheson et al. (2002) 
reported no differences in gain during the finishing period, but a decrease in marbling 
score as implant dosage was increased.   
Rev-IH/200 had the least amount of morbid heifers with Rev-200/200 being 
intermediate, while Rev-H/200 had the greatest (P = 0.05); however, there were no 
differences (P ≥ 0.12) in the number of mortalities or rejected animals (Table 16).    
Exp. 4 - Performance 
While previous studies have used Rev-XS as a single implant strategy for steers 
fed for 131 d to 243 d on feed (Parr et al., 2011; Nichols et al., 2014), there is little 
information available on utilizing Rev-XS in combination with other implants in order to 
maximize production efficiency.   
Cattle from different implanting strategies did not differ (P ≥ 0.11) in live- or 
carcass-adjusted final body weight; however, cattle that received Revalor XS as an initial 
implant numerically had heavier live-and carcass-adjusted final BW (Table 14).  Intake 
was not different (P = 0.38) across all implanting strategies.  While not statistically 
different (P ≥ 0.13) steers that received Rev-XS/IS, Rev-XS/S, and Rev-XS/200 had 
numerically higher deads-in and deads-out live- or carcass-adjusted ADG compared to 
Rev-IS/200.  Efficiency of gain was did not differ (P ≥ 0.32) between implanting strategy 
on a live- or carcass-adjusted basis.  Parr et al. (2011) reported no differences in live and 
carcass adjusted final BW, DMI, ADG, and G:F for cattle implanted with Rev-IS 
followed by Rev-S at reimplant compared to a single implant of Rev-XS at d 131, 174, 
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and 243 days on feed.  Similarly, Nichols et al. (2014) reported no differences in feedlot 
gain and efficiency after 157 days on feed when cattle were implanted with Rev-IS 
followed by Rev-S at reimplant compared to a single Rev-XS.  Parr et al. (2011) reported 
an increase in carcass adjusted final BW and ADG when using a single Rev-XS implant 
for 197 d compared to Rev-IS/S implant program, and suggested that this could be due to 
decreased concentrations of TBA and E2 before reimplanting (d 90 to 103) which caused 
a decrease in overall gain.  Samber et al. (1996) evaluated different implant strategies 
using multiple implants with similar overall concentrations of TBA and E2 used in the 
current study, and similarly reported no differences in final BW, DMI, ADG, and G:F 
between the treatments.  In Exp. 2, HCW, dressing percent, 12
th
 rib fat thickness, and 
marbling scores were not different (P ≥ 0.18) among implant treatments.  Nichols et al. 
(2014) reported no differences in HCW, 12
th
 rib fat thickness, or marbling score when 
comparing Rev-XS with Rev-IS/S.  Similarly, Parr et al. (2011) reported no differences in 
HCW, dressing percent, and 12
th
 rib fat thickness between implant programs in cattle fed 
for 174 or 243 days.  Contrary to the current study, Samber et al. (1996) reported that 
cattle implanted three times with Rev-S compared to two times with Rev-S, had less 12
th
 
rib fat thickness.   
Longissimus muscle area was largest (P < 0.01) for Rev-XS/200 implant 
programs with Rev-XS/IS and Rev-XS/S treatments being intermediate and Rev-IS/200 
having the smallest LM area.  Samber et al. (1996) also reported that increasing the 
amount of TBA and E2 used in the implant program increased LM area but had no effect 
on HCW, or dressing percent.  In Exp. 2, quality grade distributions were not different (P 
≥ 0.19) by implant treatment.  No significant differences (P ≥ 0.07) were observed 
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between treatments for any of the yield grade categories; however, the Rev-IS/200 and 
the Rev-XS/S numerically had a lower percentage of yield grade 2 carcasses which led to 
an increase in yield grade 3 carcasses compared to Rev-XS/IS and Rev-XS/200.  Parr et 
al. (2011) and Nichols et al. (2014) both noted differences in the percentage of Choice 
and Select carcasses in cattle fed for 131, 157 and 243 days with cattle that received a 
single Rev-XS implant having more Choice carcasses and less Select grading carcasses 
compared to RevIS/S.  Parr et al. (2011) however reported no differences in quality grade 
distribution in cattle fed for 174 and 197 days.  Varying the timing of reimplant could 
have affected quality grade distribution in these studies.  Similarly Nichols et al. (2014) 
reported no differences in yield grade distribution.  Rev-XS/200 had the lowest morbidity 
of sick animals treated while Rev-XS/S had the greatest (P = 0.02), however, there were 
no differences (P ≥ 0.26) in the number of mortalities or rejected animals (Table 16). 
Exp. 5 - Performance 
There were no differences (P ≥ 0.36) in live- or carcass-adjusted cattle 
performance among the three implant strategies over the entire feeding period (Table 15).  
As in Exp. 2, final live- and carcass-adjusted BW did not differ (P ≥ 0.64) among implant 
programs.  Similarly, deads-out carcass-adjusted ADG and G:F were not different (P ≥ 
0.36) between implant strategy, which is in agreement with Exp. 2.  These results are 
consistent with Samber et al. (1996) and Nichols et al. (2014) who reported no 
differences in DMI, ADG, G:F, and final BW between differing implant strategies.  
Additionally, there were no differences (P ≥ 0.15) in HCW or USDA marbling score 
when comparing the three strategies (Table 15).  The Rev-XS/200 treatment group had 
greater (P < 0.01) LM area, decreased (P ≤ 0.05) 12th rib fat thickness, and calculated 
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yield grade compared to the Rev-200/200 and RevIS/200 treatments.  Similar to Exp. 2, 
the Rev-IS/200 and Rev-XS/200 treatments were used; however, reimplant was the same 
day (d 115) in Exp. 3 but differed between the Rev-IS/200 (d 120) and the Rev-XS/200 
(d 140) in Exp. 2.  This delay in implanting between the Rev-IS/200 and Rev-XS/200 
treatments could explain why there were no differences observed for carcass 
characteristics in Exp. 2 but a difference in Exp. 3.  Samber et al. (1996) reported no 
differences in HCW between aggressive implant strategies, but noted a decrease in 12
th
 
rib fat thickness, and calculated yield grade as implant dosage increased.  The percentage 
of yield grade 1 carcasses was greater (P = 0.03) for Rev-XS/200 compared to Rev-
IS/200 carcasses.  There was a decrease (P = 0.01) in the percentage of yield grade 4 
carcasses in Rev-XS/200 carcasses compared to Rev-200/200 and Rev-IS/200 carcasses.  
This shift in yield grade distribution is the result of the differences in LM area and 12
th
 
rib fat thickness.  Overall, there were no differences (P ≥ 0.28) in the percentage of cattle 
that graded choice or greater; however the Rev-200/200 and Rev-XS/200 treatment had 
an increase (P = 0.03) in the percentage of carcasses that graded USDA Select compared 
to Rev-IS/200.  Samber et al. (1996) reported that there was a decrease in the percent of 
Choice and Prime grading carcasses as implant dosage was increased.  Similarly, Nichols 
et al. (2014) reported no differences in quality grade distribution between steers 
implanted with Rev-IS/S or Rev-XS.  Differences in carcass characteristics between Exp. 
2 and 3 could be due to differences in re-implant date, cattle weight, BW, and cattle 
handling at reimplant in addition to environmental factors as similar differences between 
implant strategies were noted by Parr et al. (2011) and Nichols et al. (2014).  There were 
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no differences (P ≥ 0.60) in the number of animals treated for illness, mortalities or 
rejected animals (Table 16).  
Duckett and Pratt (2014) conducted a review of the effects of implants and found 
that a single TBA/E17 or the use of two TBA/E17 implants during the finishing period 
would return $162.81/hd and $218.58/hd, respectively, compared to non-implanted 
steers.  The return on investment with implanting is a huge incentive for feedlots to adopt 
this technology to further enhance animal performance.  This incentive has led to 
utilizing more aggressive implant strategies that employ higher dose implants to illicit a 
greater gain and efficiency response.  In conclusion, the utilization of more aggressive 
implant strategies and increased dosages may not be beneficial for daily gain and 
efficiency of gain during the feeding phase in steers and heifers.  Additionally, the use of 
more aggressive implants strategies could decrease carcass fatness which leads to 
improved yield grade, but reduced quality grade in heifer and steer calves compared to a 
traditional low dose implant followed by a high dose terminal implant.    
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Table 13.  Effects of increased initial implant dose on growth performance and carcass characteristics 
of heifer calves fed for 173 d (Exp. 3). 
 Treatments
1
   
Item Rev-IH/200 Rev-H/200 Rev-200/200 SE P-value 
No. of heifers (pens) 473 (6) 466 (6) 466 (6) - - 
Initial BW, kg
2 
282 281 283 3.1 0.74 
DMI, kg/d
3 
9.70 9.57 9.69 0.05 0.14 
Deads-in performance
4 
     
Live performance
 
     
Final BW, kg 529 542 532 12.3 0.35 
ADG, kg 1.50 1.56 1.51 0.06 0.44 
G:F 0.155 0.163 0.156 0.006 0.27 
Deads-out performance
5 
     
Live performance
 
     
Final BW, kg 566 565 568 3.9 0.73 
ADG, kg 1.65 1.65 1.65 0.02 0.95 
G:F
 
0.170 0.172 0.171 0.001 0.28 
Carcass-adjusted performance    
Final BW, kg 568 564 568 3.9 0.16 
ADG, kg 1.65 1.64 1.66 0.15 0.33 
G:F
 
0.171 0.171 0.171 0.001 0.94 
HCW, kg 374
 
371
 
374
 
2.6 0.16 
Dressing percent, %
 
65.98
 
65.64
 
65.93
 
0.10 0.09 
12
th
 rib fat thickness, cm 1.52
 
1.44
 
1.53
 
0.06 0.08 
LM area, cm
2 
98.87 99.98 99.88 0.94 0.29 
Marbling score
6 
428
a 
401
b 
400
b 
4.9 0.01 
Calculated yield grade
 
2.61 2.46 2.58 0.09 0.06 
USDA Quality grade, %
7 
     
Prime 0.69 0.45 0.92 0.46 0.72 
Choice 60.55
a 
49.10
b 
42.53
b 
2.38 <0.01 
Select 32.11
a 
43.89
b 
43.45
b 
2.38 <0.01 
≤ Standard 6.65a 6.56a 13.10b 1.62 0.01 
USDA Yield grade, %
7
      
1 11.81
a 
17.05
b 
18.14
b 
1.86 0.05 
2 38.43 36.36 42.33 2.34 0.22 
3 39.12
a 
37.27
a 
27.21
b 
2.35 <0.01 
4 10.19 8.18 10.93 1.51 0.39 
5 0.46 1.14 1.40 0.57 0.42 
1Rev-IH/200 = Revalor-IH at processing and Revalor-200 at reimplant on d 89; Rev-H/200 = Revalor H at processing and Revalor-
200 at reimplant on d 89; Revalor-200/200 = Revalor 200 at processing and Revalor 200 at reimplant on d 89.  Revalor-IH, Revalor-
H, Revalor-200, Merck Animal Health, De Soto, KS. 
2Initial BW: total pen weight of cattle with no shrink divided by total number of starting heifers (deads-in and deads-out). 
3Dry matter intake: calculated from total kilograms delivered to the pen divided by total number of animal days. 
4Deads –in performance: ADG was calculated from total kilograms gained (total final weight plus reject weight after subtracting 
total starting weight) divided by total number of animal days.  G:F was calculated from deads-in ADG divided by pen DMI. 
5Deads-out performance:  Live ADG was calculated from total kilograms gained (average final weight subtracting average starting 
weight) divided by average days on feed.  Live G:F was calculated from deads-out ADG divided by pen DMI.  Carcass-adjusted 
performance ADG was calculated the same as live performance using carcass adjusted final BW. 
6Marbling score: 400 = small00, 500 = modest00. 
7The numbers represent by treatment the proportion of carcasses within each quality and yield grade category.  
a,b Means within a row with different superscripts differ (P < 0.05). 
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Table 14.  Effects of increased implant dose combinations on growth performance carcass characteristics 
of steer calves fed for 216 d (Exp. 4). 
 Treatments
1
   
Item Rev-IS/200 Rev-XS/IS Rev-XS/S Rev-XS/200 SE P-value 
No. of steers (pens) 463 (8) 467 (8) 465 (8) 463 (8) - - 
Initial BW, kg
2
 255 257 257 256 2.9 0.60 
DMI, kg/d
3 
10.71 10.88 10.97 10.83 0.14 0.38 
Deads-in performance
4
       
Live performance       
Final BW, kg 584 602 592 603 9.9 0.11 
ADG, kg/d 1.56 1.63 1.59 1.63 0.04 0.13 
G:F
6 
0.146 0.150 0.145 0.151 0.004 0.32 
Deads-out performance
5
      
Live performance       
Final BW, kg 615 624 621 624 8.0 0.11 
ADG, kg/d 1.60 1.70 1.68 1.70 0.03 0.13 
G:F
 
0.156 0.156 0.153 0.157 0.003 0.46 
Carcass-adjusted performance      
Final BW, kg 625 636 632 636 7.2 0.18 
ADG, kg/d 1.72 1.76 1.73 1.76 0.03 0.14 
G:F
 
0.160 0.161 0.158 0.163 0.002 0.36 
HCW, kg 381 388 386 388 4.1 0.18 
Dressing Percent, %
 
62.28 62.63 62.52 62.63 0.6 0.40 
12
th
 rib fat thickness, cm 1.23 1.23 1.23 1.18 0.04 0.47 
LM area, cm
2 
88.75
c 
90.37
b 
90.16
bc 
91.96
a 
1.89 < 0.01 
Marbling score
7
 421 417 407 411 6.9 0.27 
Calculated yield grade
 
2.90 2.88 2.87 2.75 0.09 0.06 
USDA Quality grade, %
8 
      
Prime 0.96 1.38 1.18 1.62 0.61 0.86 
Premium choice 14.94 11.24 10.85 10.65 1.75 0.20 
Low choice 41.20 43.58 37.74 40.28 2.42 0.39 
Select 39.52 39.22 44.81 43.75 2.42 0.25 
≤ Standard 2.17 3.44 3.77 3.00 0.93 0.58 
Dark cutter 1.21 1.15 1.65 0.69 0.62 0.66 
USDA Yield Grade, %
8 
      
1 10.36 10.78 13.68 12.96 1.67 0.38 
2 45.54 48.17 43.63 52.78 2.45 0.07 
3 37.35 35.55 36.56 30.32 2.38 0.16 
4 & 5 6.75 5.51 6.13 3.94 1.23 0.34 
1Rev-IS/200 = Revalor-IS on d 0, Revalor-200 implant on d 120; Rev-XS/IS = Revalor-XS on d 0, Revalor-IS implant on d 140; Rev-
XS/S = Revalor-XS on d 0, Revalor-S implant on d 140; Rev-XS/200 = Revalor-XS on d 0, Revalor-200 implant on d 140.  Revalor-
IS, Revalor-S, Revalor-XS, Revalor-200, Merck Animal Health, De Soto, KS. 
2Initial BW: total pen weight of cattle with no shrink divided by total number of starting steers (deads-in and deads-out). 
3Dry matter intake: calculated from total kilograms delivered to the pen divided by total number of animal days. 
4Deads –in performance: ADG was calculated from total kilograms gained (total final weight plus reject weight after subtracting total 
starting weight) divided by total number of animal days.  G:F was calculated from deads-in ADG divided by pen DMI. 
5Deads-out performance:  Live ADG was calculated from total kilograms gained (average final weight subtracting average starting 
weight) divided by average days on feed.  Live G:F was calculated from deads-out ADG divided by pen DMI.  Carcass-adjusted 
performance ADG were calculated the same as live performance using carcass adjusted final BW. 
6One replication was harvested early and no data was collected, so carcass characteristics were analyzed with only 7 replications 
7Marbling score: 400 = small00, 500 = modest00. 
8The numbers represent by treatment the proportion of carcasses within each quality and yield grade category. 
a,b,c Means within a row with different superscripts differ (P < 0.05). 
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Table 15.  Effects of increased implant dose combinations on growth performance carcass 
characteristics of steer calves fed for 195 d (Exp. 5). 
 Treatments
1
   
Item Rev-IS/200 Rev-200/200 Rev-XS/200 SE P – value 
No. of steers (pens) 473 (6) 471 (6) 464 (6) - - 
Initial BW, kg
2 
307 305 306 4.6 0.81 
DMI, kg/d
4 
11.05 11.12 10.98 0.16 0.58 
Deads-in performance
5 
     
Live performance      
Final BW, kg 633 633 632 7.0 0.99 
ADG, kg/d 1.86 1.86 1.85 0.03 0.94 
G:F 0.168 0.168 0.168 0.002 0.97 
Deads-out performance
6 
     
Live performance      
Final BW, kg 670 671 667 4.7 0.70 
ADG, kg/d 1.86 1.88 1.85 0.02 0.51 
G:F 0.168 0.170 0.169 0.002 0.49 
Carcass adjusted performance     
Final BW, kg 674 672 676 6.6 0.64 
ADG, kg/d 1.88 1.88 1.90 0.02 0.68 
G:F  0.170 0.170 0.173 0.003 0.36 
HCW, kg 435 434 436 4.3 0.64 
LM area, cm
2 
96.73
a 
97.86
a 
100.75
b 
0.66 <0.01 
12
th
 rib fat thickness, cm 1.78
a 
1.79
a 
1.67
b 
0.07 0.05 
Marbling score
7 
475 457 461 13.3 0.15 
Calculated yield grade
 
3.51
a 
3.44
a 
3.20
b 
0.10 0.01 
USDA Quality grade, %
8
      
Prime 2.50
 
1.13
 
1.37
 
0.74 0.28 
Premium Choice 27.73 23.13 25.06 2.13 0.32 
Low Choice 50.45 48.30 47.38 2.38 0.65 
≤ Select 19.32b 27.44a 26.20a 2.13 0.03 
USDA Yield grade, %
8
      
1 3.91
a 
5.91
a,b 
8.95
b 
1.12
 
0.03
 
2 22.07 25.45 29.59 2.19 0.07 
3 45.06 40.68 44.27 2.39 0.40 
4  25.75
a
 23.41
a
 15.83
b
 2.10 0.01 
5 3.22
 
4.55 1.38
 
0.99 0.06 
1Rev-IS/200 = Revalor-IS at processing and Revalor-200 at reimplant on d 115; Rev-200/200 = Revalor 200 at processing and 
Revalor-200 at reimplant on d 115; Revalor-XS/200 = Revalor XS at processing and Revalor 200 at reimplant on d 115.  Revalor-
IS, Revalor-200, Revalor-XS, Merck Animal Health, De Soto, KS.  
2Initial BW: total pen weight of cattle with no shrink subtracting individual weights of dead or rejected animals divided by the 
number of remaining animals (deads-out). 
4Dry matter intake: calculated from total kilograms delivered to the pen divided by total number of animal days. 
5Deads –in performance: ADG was calculated from total kilograms gained (total final weight subtracting total starting weight with 
deads and rejects included) divided by total number of animal days.  G:F was calculated from deads-in ADG divided by pen DMI. 
6Deads-out performance:  Live ADG was calculated from total kilograms gained (average final weight subtracting average starting 
weight) divided by average days on feed.  Live G:F was calculated from deads-out ADG divided by pen DMI.  Carcass-adjusted 
performance ADG were calculated the same as live performance using carcass adjusted final BW. 
7Marbling score: 400 = small00, 500 = modest00. 
8The numbers represent by treatment the proportion of carcasses within each quality and yield grade category. 
a,b Means within a row with different superscripts differ (P < 0.05). 
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Table 16.  Health data for calf-fed heifers and steers implanted with different aggressive 
implant strategies  
 
Treatments
1 
  
Experiment 3
4 
Rev-IH/200 Rev-H/200 Rev-200/200 SE P-value 
Morbidity (total 
pulls), % 
10.57
b 
16.31
a 
12.23
a,b 
1.71 0.05 
Mortalities, %  3.59 1.29 2.58 0.86 0.12 
Removal, % 2.96 2.58 3.86 0.89 0.53 
 Treatments
2   
Experiment 4
4 
Rev-IS/200 Rev-XS/IS Rev-XS/S Rev-XS/200 SE P-value 
Morbidity (total 
pulls), % 
15.98
a,b 
16.92
a,b 
21.08
a 
12.53
b 
1.89 0.02 
Mortalities, %  5.62 3.64 4.30 3.02 1.07 0.26 
Removal, % 0.00 0.21 0.86 0.86 0.43 0.63 
 Treatments
3 
  
Experiment 5
4 
Rev-IS/200 Rev-200/200 Rev-XS/200 SE P-value 
Morbidity (total 
pulls), % 
15.64 13.38 14.01 1.67 0.60 
Mortalities, % 1.48 1.06 1.51 0.57 0.81 
Removal, % 4.23 4.67 3.66 0.97 0.75 
1Rev-IH/200 = Revalor-IH at processing and Revalor-200 at reimplant on d 89; Rev-H/200 = Revalor H at processing 
and Revalor-200 at reimplant on d 89; Revalor-200/200 = Revalor 200 at processing and Revalor 200 at reimplant on 
d 89.  Revalor-IH, Revalor-H, Revalor-200, Merck Animal Health, De Soto, KS. 
2Rev-IS/200 = Revalor-IS at initial processing followed by Revalor-200 implant on d 120; Rev-XS/IS = Revalor-XS at 
initial processing followed by Revalor-IS implant on d 140; Rev-XS/S = Revalor-XS implant at initial processing 
followed by Revalor-S implant on d 140; Rev-XS/200 = Revalor-XS implant at initial processing followed by 
Revalor-200 implant on d 140.  Revalor-IS, Revalor-S, Revalor-XS, Revalor-200, Merck Animal Health, De Soto, 
KS. 
3Rev-IS/200 = Revalor-IS at processing and Revalor-200 at reimplant on d 115; Rev-200/200 = Revalor 200 at 
processing and Revalor-200 at reimplant on d 115; Revalor-XS/200 = Revalor XS at processing and Revalor 200 at 
reimplant on d 115.  Revalor-IS, Revalor-200, Revalor-XS, Merck Animal Health, De Soto, KS.   
4The numbers represent by treatment the proportion of animals within each category treated for morbidity, mortalities 
or rejected. 
5 Morbidity = any animals treated for sickness during the trials. 
6 Mortality = any animals that died from d 0 to the end of the trial. 
7 Removal = any animals that were removed from the trial and sold early due to chronic sickness or injury. 
 
